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Abstract 
Extreme flood events have been found to occur in the Eastern Cape Province of South Africa. 
The southern and south-eastern coastal regions are particularly susceptible to floods with daily 
rainfall records of up to 490 mm having been recorded here. In order to gain a better 
understanding of these floods, historical floods in the southern parts of the Eastern Cape have 
been analysed in this study. This study aimed to investigate the most extreme flood events in 
the history of the area and to analyse the surface observational data during the heavy rainfall 
events found, to contribute to the understanding of these heavy rainfall events. Seven case 
studies were investigated using NCEP/NCAR Reanalysis 1 data and surface observational data, 
to analysis the synoptic circulation and surface data tendencies during heavy rainfall events. All 
of the case studies that had synoptic data available showed to have a COL system present with 
the upper air low lying westward of the flood area. The surface synoptic situation presented an 
intense high pressure system lying south west or south of the country in the Atlantic Ocean 
between 35-45°S. Another key factor was a surface trough over the interior of the country, due 
to the COL, extending southwards to protrude off of the south or south eastern coastline east of 
the flood areas. The combination of these three systems colloquially referred to as a “Black 
South-Easter”, produced dangerous rainfall intensities when the winds were perpendicular to 
the coast.  
 
The results of the surface observations revealed temperatures increasing at night (against 
diurnal cycles) with increasing relative humidity preceding the heavy rainfall events. The 
pressure showed both increasing and decreasing trends during heavy rainfall events however in 
five of six cases a tight pressure gradient was present producing an influx of moist air into the 
flood area. Onshore winds were found to be of high importance in heavy rainfall events to bring 
moist air into the area. Wind speeds greater than 5m/s occurred during times of high rainfall 
intensities.  
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Chapter 1  General Introduction 
 
 
1.1. Introduction 
 
This chapter seeks to provide an introduction to the study of extreme floods in the southern 
parts of the Eastern Cape. The aim of the study will then be followed by the objectives and 
research questions and an outline of the study. 
1.2. Overview of the study area 
 
South Africa is located on the southern tip of Africa with a northern latitude of 22°S and a 
southern extreme of approximately 35°S. The country consists of nine provinces (Figure 
1.1). The selected study area is within the Eastern Cape Province which is located in the 
south-eastern part of the country with the south-west Indian Ocean meeting the coastline. 
The Eastern Cape Province has the warm Agulhas Current running along the coastline 
(Figure 1.2). The Eastern Cape shares its border with the Northern Cape and Western Cape 
provinces in the west, the Free State province and Lesotho in the north and the Kwa-Zulu 
Natal province in the east. It has a total surface area of 168 966 km² and is the second-
largest province in South Africa (Anon., 2016).  
The Eastern Cape is the countries’ third most populated province and contributed 8% to the 
GDP of South Africa in 2014/2015 (Makgetla, 2016). The province has two major 
metropolitan areas, namely the Nelson Mandela Bay Metropolitan (NMBM) and the Buffalo 
City Metropolitan. The city of Port Elizabeth, together with its port, lies within the Nelson 
Mandela Bay Metropolitan. The NMBM also has a second port called the Port of Ngqura. 
The city of East London lies within the Buffalo City Metropolitan and also has a port.  
The Eastern Cape has the largest population of livestock in the country with specialties such 
as Mohair from the Karoo area (Young, 2013). Pineapples, chicory and dairy farms dominate 
the south-eastern parts of the province in the Alexandria- Grahamstown area (Republic of 
South Africa, 2014). 
The study area falls within the south-eastern region of the Eastern Cape but will be more 
precisely defined in Chapter 3. 
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Figure 1.1: Map of South Africa with the Eastern Cape Province, the area of interest, highlighted in 
purple. 
 
Figure 1.2: The Agulhas current is shown along the east coast of South Africa. Source: Lutjeharms 
and Ansorge (2001). 
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1.3. Motivation and Aim 
 
The Eastern Cape has in the past experienced extreme rainfall events, notably in Port 
Elizabeth in September 1968, East London in 1970 and more recently in 2002 (Hayward and 
van den Berg, 1968, 1970; Singleton & Reason, 2006, 2007a). The Port Elizabeth flood in 
September 1968 resulted in flooding that caused people to flee to rooftops as the waters 
rose to the window height of some houses due to intense rainfall of over 400 mm within four 
hours, which poured out over the city. (Hayward and van den Berg, 1968).  Cars were 
washed into the sea and the airport was closed due to water on the runway (Hayward and 
van den Berg, 1968). Nine people lost their lives during the 1968 flood event (eight from 
drowning) (Hayward and van den Berg, 1968), while seven people lost their lives in the East 
London August 1970 event (Hayward and van den Berg, 1970). The 1970 East London 
event resulted in damage to roads and infrastructure as well as disruptions in communication 
as almost double the rainfall accumulation of the Port Elizabeth 1968 event fell over five 
days. The extreme rainfall event in East London 2002 produced over 300 mm of rain in 
twenty-four hours with a peak intensity of around 85 mm/h which resulted in the closure of 
the city’s harbour (Singleton & Reason, 2006).  
 
Extreme rainfall events within the Eastern Cape are attributed to cut-off lows, especially 
along the south and south-eastern coastal regions (Taljaard, 1985; Molekwa et al., 2014; 
Engelbrecht et al., 2015). Many studies have been conducted on synoptic circulation and the 
contribution to heavy rainfall in South Africa (Hart et al., 2010; Molekwa et al., 2014; 
Engelbrecht et al., 2015; Engelbrecht and Landman, 2016). Molekwa et al. (2014) suggested 
that the amount of rainfall induced by a COL relies on the low-level processes and 
circulation. If these processes could be better understood then the distribution and amount of 
rainfall induced by a COL could potentially be better forecast. Meso-scale circulation 
systems also exist together with the synoptic circulation, due to the interaction of the 
mountainous terrain inland from the coastal areas and the moist air from the Agulhas current 
flowing into the Cape south coast (Engelbrecht et al., 2015). Sea surface temperatures and 
local topography have been found to enhance rainfall amounts along the south and south 
east coast of the Eastern Cape (Singleton & Reason, 2006; Molekwa et al., 2014). From this, 
an analysis of the surface observational data could result in a better understanding of the 
low-level circulations and processes involved in contributing to heavy rainfall events 
.  
Therefore, the aim of this study is to investigate extreme flood events in the southern parts of 
the Eastern Cape, particularly along the south and south-east coast and adjacent interior, 
and to analyse the surface observational data associated with these heavy rainfall events. 
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1.4. Objectives and Research Questions 
 
Objective 1: To research and identify extreme historical flood events within the study area. 
Research question: Which historical events were the most severe in the study area? 
Objective 2: Conduct an analysis of surface observational data from heavy rainfall events. 
Research question: What does the surface observational data reveal in contributing to the 
heavy rainfall events? 
Each objective and research question, together with the data required and the methods 
used, is highlighted below in Table 1.1. 
Table 1.1: Research Matrix 
Objectives Research 
Question/s 
Data 
Required 
Data 
Acquisition 
Tools 
Method 
1. To research 
and identify 
extreme 
historical flood 
events within 
the study area. 
Which 
historical 
events were 
the most 
severe in the 
study area? 
 
Rainfall data, 
event reports 
from disaster 
management 
(DM), 
newspaper 
articles and 
NCEP/NCAR 
Reanalysis 1 
data. 
Rainfall data 
retrieval from 
SAWS, visits 
to DM 
centres, 
Caelum. 
NCEP/NCAR 
Reanalysis 1 
data. 
Data analysis 
in Excel, 
research of 
events and 
obtaining of 
NCEP/NCAR 
Reanalysis 1 
data. 
2. Conduct an 
analysis of 
surface 
observational 
data from 
heavy rainfall 
events. 
What does 
the surface 
observational 
data reveal 
in 
contributing 
to the heavy 
rainfall 
events? 
Surface 
observational 
data from 
SAWS. 
SAWS 
library and 
climate data 
information. 
Rainfall data 
in Excel 
format and 
analysis of 
surface 
observational 
data 
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1.5. Research Outline 
 
Chapter one is the general introduction which presents the study and the aims of the study. 
The chapter then moves on to present the objectives and research questions as well as the 
data acquisition tools and the methods used in the study. 
A literature review in chapter 2 elaborates on the importance of floods and their effects on 
daily living as well as the types of floods and the weather systems that produce floods. A 
brief look into the roles of disaster management is given as well as a methodology review. 
Chapter three provides details on the study area. There were particular factors that 
influenced the choice of the study area and these are considered in this chapter. The study 
area climate, river systems and topography are also reviewed, which provide a clear idea of 
the environment in which the floods may occur. 
Chapter four identifies the methods used to meet the objectives and answer the research 
questions. It details the acquisition of rainfall data and quality control methods used as well 
as the types of meteorological parameter data collected for the study. 
Chapter five explores the results of the rainfall analysis from which a meteorological analysis 
was done on certain case studies that showed to be the most severe flood events. 
Chapter six probes the possible shortfalls of the study and draws conclusions that meet the 
aim and objectives given in Chapter 1. Lastly, some recommendations for future studies are 
provided. 
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Chapter 2  Literature Review 
 
2.1. Introduction 
 
The scope of this study is on areas within the southern parts of the Eastern Cape that are 
highly susceptible to flooding. This literature review will provide an outline of the definitions 
of floods, the weather systems that cause flooding in South Africa and how the key role 
players in disaster management approach these disasters, specifically with regards to 
disaster risk reduction. A review of methods used to identify flood risk areas is also included. 
2.2. Defining floods and risk 
2.2.1. Floods 
Alexander (2000) defines a flood as the discharge of water that results in damage or 
that which overtops the river banks. A peak in discharge and then return to normal 
base flow or no flow is considered a flood (Alexander, 2000).  
 
Cuny (1991) classifies 4 basic types of flooding: flash floods, standing floods, coastal 
flooding from storm surge and riverine floods. Below are some of Cuny’s 
descriptions: 
 
 Flash floods result from thunderstorms producing rainfall that accumulates 
very quickly which runs off over steep terrain or in mountainous areas. The 
waters run rapidly down narrow zones such as gullies, arroyos or wadis until 
they reach wider areas or streams where the flood waters can slow down as it 
spreads out. 
 Standing floods are produced by rainfall that cannot be drained sufficiently or 
quickly enough due to poor drainage systems in urban areas, high runoff 
rates or poor absorption due to saturated soils. 
 Coastal floods occur as a result of intense weather systems that cause storm 
surges. Tropical cyclones or deep low pressure systems are typical weather 
systems that produce storm surges along the coast. 
 A riverine flood is the overflow of a river streambed when rainfall occurs in 
that river’s particular watershed. This type of flooding is associated with heavy 
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rainfall in the watershed. Riverine flooding can be worsened when the river 
reaches the ocean as the oceans’ tides can reduce the exit of water from the 
river into the ocean. During high tides, water can even be pushed back up 
along the river, which could cause further flooding over the wide, flat 
floodplains. Due to the extent of floodplains, which can be kilometres wide, 
flooding can be widespread and continue even when rainfall occurs far into 
the drainage basin. 
 
The study area is susceptible to all the above types of flooding. Coastal flooding 
would, however, not be caused due to a tropical cyclone in the study area but rather 
by extra-tropical and mid-latitude weather systems such as cold fronts and deep 
surface lows associated with cut-off lows. 
 
2.2.2. Hazard, Vulnerability and Risk 
Pyle (2006) mentions that the standardisation of key terms in the hazard field has 
been problematic due to various fields of knowledge contributing to the definition of 
the key terms. 
The standardisation of these terms is taken from Pyle (2006). In order to define risk, 
one must first define hazard and vulnerability as risk is dependent on both of these. 
 
Pyle (2006:16) defined hazard, vulnerability and risk as the following: 
 
 Hazard: “A potentially damaging physical event, phenomenon or human 
activity that may cause the loss of life, or injury, property damage, social and 
economic disruption or environmental degradation.”    
 
 Vulnerability: “The conditions determined by physical, social, economic and 
environmental factors or processes, which increase the susceptibility of a 
community to the impact of hazards.”    
 
 Risk: “The probability of harmful consequences, or expected losses (deaths, 
injuries, property, livelihoods, economic activity disrupted or environment 
damaged) resulting from interactions between natural or human-induced 
hazards and vulnerable conditions. Conventionally, risk is expressed by the 
equation Risk = Hazard x Vulnerability.”  
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This study will focus on the hazard component of risk in the study area, namely, 
floods which cause large disruptions and loss of life in the study area. 
2.3. Flood Producing Weather Systems in South Africa 
 
South Africa experiences floods of all types from flash floods to coastal flooding. The country 
is influenced by many different weather systems with tropical systems affecting the northern 
and eastern parts and mid-latitude systems in the west and south. The weather systems 
which contribute to floods over South Africa will now be discussed. 
2.3.1. Tropical weather systems 
The floods that occurred between December 1999 and March 2000 due to tropical 
easterly lows and tropical cyclones, documented in Dyson and van Heerden (2001), 
caused extensive damage across the north-eastern parts of southern Africa. The two 
most northern provinces of South Africa were severely affected, leaving a million 
people without adequate water (Alexander, 2002). Alexander (2002) discusses the 
damage to infrastructure and communication interruptions due to floods during this 
period. It was estimated, across Mozambique and South Africa, that it would cost R 
1000 million to repair the damage to infrastructure. 
De Coning et al. (1998) discuss the heavy rainfall that led to widespread flooding 
across the eastern parts of South Africa in February 1996. Stations in the summer 
rainfall region received up to 200% above normal rainfall for the month of February 
1996. Flash floods from deep convective cells were the most damaging events. 
Significant heavy rain fell during 8-16 February with the most intense episode 
occurring from 12-14 February 1996. A characteristic cloud pattern known as a 
tropical-temperate-trough (TTT), lead to the heavy rainfall that occurred in February 
1996. This is common during the months of January and February over the eastern 
parts of South Africa when the Inter-Tropical Convergence Zone (ITCZ) is at its 
southernmost point over Zambia. Tropical lows draw moisture into South Africa from 
the north. A TTT forms when a trough links convection over the tropical or sub-
tropical areas of southern Africa to a mid-latitude depression south of the country 
(Dyson et al., 2002). TTTs are associated with heavy rainfall when strong onshore 
flow exists along the south and south-eastern coastal regions of South Africa (Dyson 
et al., 2002).  Engelbrecht et al. (2015) found that 28% of the annual rainfall is 
attributed to TTT’s along the Cape south coast of South Africa.  
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The Eastern Cape study area utilised in this research rarely, if ever, is affected by 
floods from tropical weather systems such as tropical cyclones or tropical easterly 
lows, as it is located in the westerly wind belt due to its latitude. However, TTT’s do 
produce rainfall along the Cape south coast of the Eastern Cape and also interact 
with baroclinic mid-latitude systems (Engelbrecht et al., 2015). In fact Dyson et al. 
(2002) categorise TTT’s with having tropical, sub-tropical and mid-latitude weather 
system characteristics due to a combination of these systems that result in a TTT. 
 
2.3.2. Mid-latitude systems  
Mid-latitude cold fronts are mostly associated with winter rainfall in the south-western 
parts of South Africa (Favre et al., 2013).  Heavy to extreme precipitation occurs in 
the western and southern parts of the country due to these cold fronts, more 
specifically in the south-west part of the Western Cape (Favre et al., 2013). Cold 
fronts do contribute to the southern coastal annual rainfall, particularly in winter; 
however, these systems alone rarely result in intense rainfall (Singleton and Reason, 
2007a). 
Mid-latitude cold fronts can align with surface troughs over the land during summer 
periods, which extends moisture laden air from the tropics southwards into the 
country. Heavy precipitation occurred over the north-eastern parts of the country due 
to the lifting of the western edge of a moist plume over a cold front during the TTT 
event on 14 February 1996 as discussed in De Coning et al. (1998). 
2.3.3. Cut-Off low systems 
A cut-off low (COL) is a cold cored low pressure system in the mid to upper 
troposphere (a local minimum in geopotential heights at 500hPa) that is “cut-off” from 
the basic westerly current and displaced equatorward. (Tyson and Preston-Whyte, 
2000; Singleton and Reason, 2007b; Molekwa et al., 2014; Engelbrecht et al., 2015). 
A COL is a more intense form of a westerly trough (Figure 2.1), a trough in the upper 
westerlies that deepens and becomes a closed low which then continues to build 
down to the surface (Tyson and Preston-Whyte, 2000). COL’s can be identified as 
closed contours of geopotential height with cyclonic circulation or on isentropic maps 
of high potential vorticity (Nieto et al., 2008). COL’s are unstable, baroclinic systems 
that lean westwards with height (Tyson and Preston-Whyte, 2000) and can produce 
deep convective thunderstorms and heavy showers due to the instability caused by 
the cold core of the system (Singleton and Reason, 2007a; Molekwa et al., 2014). 
Instability can also be caused from the strong convergence and vertical motion in the 
system, especially east of the COL (Figure 2.2) (Tyson and Preston-Whyte, 2000).   
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Cut-off lows generally occur in the austral spring and autumn months (Singleton and 
Reason, 2007a).  
 
 
Figure 2.1: An example of a westerly trough (left) and a cut-off low (right) with thicker lines 
representing the geopotential heights at 500hPa and thinner lines the isobars at mean sea level (hPa) 
over the oceans and contours of the 850hPa surface (gpm) over the land. Dotted lines are areas 
receiving precipitation. Source: Tyson and Preston-Whyte, (2000:196). 
 
 
Figure 2.2: A schematic representation of the circulation associated with a cut-off low at the 500hPa 
and near-surface levels (Tyson and Preston-Whyte, 2000:197). 
 
Favre et al. (2013) recently investigated the contribution of precipitation from COLs 
over South Africa. In this study, precipitation, outgoing long wave radiation and 
precipitable water datasets were analysed. It was found that in winter, which was 
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classified as July, August and September, most of the rainfall that occurred inland 
was due to COL’s. The authors also found that in this period, any extremes of rainfall 
were 50 to 100% due to COL’s. The precipitation amounts vary in different COLs; 
however, when a significant transport of moisture occurs, at low and mid-levels, 
larger amounts of precipitation may occur, especially over warm ocean regions (Nieto 
et al., 2008). 
 
Severe flood events caused by COL’s, as noted in Alexander (2000), are the Port 
Elizabeth floods of 1968, East London in 1970, Laingsburg in 1981 and Natal floods 
in 1987. The Natal 1987 floods were South Africa’s worst natural disaster with more 
than 300 deaths and total damage exceeding R1000 million. This disaster highlights 
the catastrophic possibilities of floods due to COL’s. 
 
2.4. Cut-off lows as flood producing systems in the study area 
  
2.4.1. COL’s within the study area  
Taljaard (1985) determined that COLs are associated with widespread light to 
moderate rainfall, with 20% of COLs resulting in heavy rainfall. However, it was found 
that the rain producing potential of each individual system depends on various 
factors, including the direction of onshore wind flow, location of other weather 
systems and the effect of topography (Sampson, 2007). According to Sampson 
(2007), approximately 25% of COLs in South Africa result in flood-producing rains. 
Similarly, Molekwa et al., (2014) found that one in five COL systems lead to heavy 
rain and flood events. Heavy rain events along the coastal regions can occur when a 
baroclinic system, such as a COL, is present with vertical motion through the mid 
tropospheric layers together with an influx of low level water vapour beneath the 
region of vertical motion (Dyson et al., 2002). The vertical motion occurs east of the 
COL (Figure 2.2) and is the area where instability is found. 
 
COLs have, in the past, caused extreme rainfall events to occur over the southern 
and south-eastern coastal regions and their adjacent interiors (Singleton and 
Reason, 2007a). Flash flooding from COLs in the study area have resulted in some 
cases. Most of these floods occur along the southern and eastern coastal areas and 
in the adjacent interior (Molekwa et al., 2014). Favre et al. (2013) concluded that 
annual precipitation, the number of rainy days and extreme rain days, are most 
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frequent over the south-east coast of the country with COLs contributing to about 
100-250 mm of the annual rainfall. 
 
The southern and eastern coastal areas of South Africa have the potential to produce 
higher rainfall amounts during COL events, due to the effects of sea surface 
temperatures and topography (Singleton and Reason, 2006). Singleton and Reason 
(2007a) highlighted the importance of investigating South African cases of COL 
flooding. Although Northern Hemisphere studies have been conducted, the South 
African orographic landscape and the influence of the ocean, results in local effects 
triggering intense rainfall. 
 
2.4.2. COL’s with a ridging high pressure system at the surface 
COLs may interact with different low-level circulation but the most common of these 
is a strong ridge of a surface high pressure system to the south (Singleton and 
Reason, 2007b; Engelbrecht et al., 2015). Engelbrecht et al. (2015) found that ridging 
high pressure systems produce rainfall when further south rather than equatorward 
even with relatively similar pressure distributions. The Cape south coast’s annual 
rainfall is largely attributed to ridging high pressure systems however, the occurrence 
of heavy rainfall events was largely due to COL’s occurring with ridging high pressure 
systems in the low-level circulation (Engelbrecht et al., 2015). Dyson et al. (2002) 
mention a surface high pressure system located south or southeast of the country 
with significant pressure gradients being maintained near the land as a key factor for 
significant rainfall to occur with COLs. A second factor that is required is a rapid influx 
of cool maritime air onto the land caused by the push of the high. 
A COL event on 15-16 August 2002, led to rainfall exceeding 300 mm in a twenty-
four-hour period in the East London area, causing the closure of the harbour 
(Singleton and Reason, 2006). A surface high pressure system was located south of 
the country, bringing moisture into the Eastern Cape with south-easterly (onshore) 
winds (Singleton and Reason, 2006). This combination of weather systems, a COL 
together with a surface ridging high pressure system, is colloquially referred to as a 
“Black South-Easter” along the southern coast of South Africa. However, Hayward 
and van den Berg (1970) add a third factor of a surface trough over the southern 
interior of the country which protrudes off the coast. A “Black South-Easter” produced 
the severe floods in Port Elizabeth on the 1st September 1968 where heavy 
downpours of rain resulted in nearly 500 mm in a four-hour period (Hayward and van 
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den Berg, 1970; Molekwa, 2013), as well as disastrous floods in East London on 27 
August 1970.  
 
What is of interest during heavy rainfall events is the effect that orography has on the 
amount of rainfall received, notably the eastern escarpment of South Africa (Dyson 
and van Heerden, 2001) and the coastal mountains along the east coast (Singleton 
and Reason, 2006). Orography can create an environment that is favourable for the 
development and organisation of convective cells (Nieto et al., 2008). An influx of 
moisture perpendicular to orographic areas can greatly increase rainfall volumes. It 
was assessed that the 2002 East London event was greatly enhanced by the steep 
topographic coastal mountains. Onshore winds forced moist air up over the terrain, 
thereby increasing rainfall quantities (Singleton and Reason, 2006).  Port Alfred 
experienced floods in October 2012, which caused extensive damage to the area 
(Pyle and Jacobs, 2016). Most of the rainfall fell upstream against the higher 
topography around Grahamstown and filtered downstream, resulting in floods in the 
Port Alfred area.  
 
Although not within the study area, the Laingsburg flood of 1981 was also a 
noteworthy example of the effect of orography on rainfall amounts. A cut-off low 
system with a ridging high pressure system caused the devastating floods which 
swept away half of the town (Nieman et al., 1981). The rivers in the Laingsburg area 
converge and then pass through a gorge which caused temporary damming of water 
upstream of the town and produced high velocities of water through the gorge 
(Nieman et al., 1981). Laingsburg is situated in a “pocket floodplain” between two 
gorges each located upstream and downstream of the town. This highlights that 
orography not only increases rainfall amounts but can also amplify the effects of flood 
waters. 
 
2.5. Risk reduction approach to disaster management 
 
In recent times, disaster management has progressed from disaster relief and moved 
towards disaster risk management and risk reduction (Pyle, 2006). The Republic of South 
Africa (2015:4) defined disaster risk reduction as goals, objectives or measures put in place 
for: 
 anticipating future disaster risk; 
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 reducing existing exposure, hazard or vulnerability; and 
 improving resilience. 
 
The Disaster Management Amendment Act No. 16 of 2015 defines a disaster as any 
significant disruption of the life of a community (Republic of South Africa, 2015). Although 
rare large-scale systems, such as the Super typhoon Haiyan that hit the Philippines in 2013, 
gain much media attention, small-scale severe events are just as devastating to local 
communities and disaster risk management and mitigation processes are needed at a local 
community (or district) level (Pyle, 2006). The South African national disaster management 
framework is tasked with establishing prevention and mitigation plans for different disasters, 
including the magnitude and severity of these disasters and measures that can be taken to 
reduce vulnerability in disaster-prone or high-risk areas (Republic of South Africa, 2003). 
Current international thinking is geared towards investing in proactive measures rather than 
relying on reactive measures (Pyle, 2006). Short-term relief responses prove to be 
expensive so government is more inclined to contribute financially towards long-term 
prevention and risk reduction, which will be more cost-effective in the long run (Pyle, 2006).  
However, most municipal districts cannot afford flood control measures in urban areas once 
urbanisation has already taken place (Campana and Tucci, 2001). Putting in drainage 
measures post-urbanisation is extremely expensive (Campana and Tucci, 2001). Developing 
countries also struggle to cope with developing flood control measures and these costs can 
be reduced by taking alternate approaches (Cuny, 1991).   
An effective early warning severe weather system is dependent on various components 
working together (Pyle, 2006). Firstly, an indigenous response from people can enhance the 
benefits of floods and prevent large spread disaster, simply by educating the people on how 
to live with floods and develop self-reliance (Cuny, 1991). Capacity building, training and 
education in terms of disaster management, also forms part of the national disaster 
management framework (Republic of South Africa, 2003). Government would spend fewer 
resources on this type of approach while also speeding up protection of people at local 
levels (Cuny, 1991). However, there is a problem locally in the understanding of early 
warnings by hazard-prone communities and the consequent response to these warnings 
(Pyle, 2006). A shortcoming that the South African Weather Service (SAWS) and disaster 
management organisations also have is the dissemination of these warnings to rural 
communities that don’t have access to media, such as SMS, email or television (Pyle, 2006). 
“It was indicated that if more warning could be given, floods might not be so destructive. This 
response implies a degree of indigenous local flood preparedness.” -  Fredrick C. Cuny on 
the floods in West Bengal, 1978 (Cuny, 1991:334). 
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Another approach is that of prevention and mitigation through research and identification of 
hazards and factors which make communities vulnerable. Risk and vulnerability 
assessments are a requirement by South African provinces.  Provincial and local (small 
scale) areas that are at risk need to be identified (Pyle, 2006). The national disaster 
management framework also aims to promote disaster management research and is 
required to take indigenous knowledge into account regarding disaster management 
(Republic of South Africa, 2003). 
In conducting an analysis of surface observational data during extreme flood events and 
getting a better understanding of meteorological factors that result in these disasters, a drive 
towards highlighting hazard-prone regions at a local level can take place. 
 
2.6. Methodology review 
 
2.6.1. Statistical and standardized methods 
Alexander (2002) looked at applying different statistical approaches to predict flood 
magnitude. Due to the complication of processes that result in floods, an upper limit 
is near impossible to predict with statistical models underestimating the occurrence of 
severe events, especially with a return period greater than 50 years (Alexander, 
2002). The current study looks at extreme historical events that have return periods 
greater than 50 years and therefore, a statistical approach was decided against. 
Seiler et al. (2002) introduced the Standardized Precipitation Index (SPI) as a 
method of identifying flood risk areas. The SPI was initially used for drought detection 
but due to its characteristics was adapted to identify above normal precipitation 
events (Seiler et al., 2002). The flood risk assessment, using the SPI, was conducted 
in the southern Cordoba Province in Argentina. The SPI was used to anticipate flood 
events through the development of soil-saturation levels using short-term soil water 
and long-term groundwater availability. Soil saturation levels are a key influence in 
flood occurrence. A period length of 25 years was analysed using the SPI method 
(Seiler et al., 2002). The outcome, however, results in identifying flood years in an 
already known flood zone. The SPI takes soil saturation and groundwater availability 
into account. These represent hydrological and geological processes whereas the 
current study has a focus on meteorological processes. 
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2.6.2. Flood risk assessment 
Bouchard et al. (2007) conducted a study on improving flood risk management in 
flood prone informal settlements of Cape Town, South Africa. It was found that social, 
political and technical factors are all relevant in assessing flood risk management. 
This research conducted a flood risk index pilot study in which different methods 
were assessed, which involved looking at historical flood events and mapping of 
high-risk areas. A similar approach of identifying historical flood events and where 
they occurred will be used in this study. Other methods of flood management, which 
were found, included structural improvements, effective communication methods and 
recommendations for the improvement for the City of Cape Town’s flood risk 
management strategies. Bouchard et al. (2007) used GIS to map high-risk areas by 
considering the topographical layout of the settlements. The lowest lying areas and 
subsequent “high-risk” for pooling and flooding were mapped. The historical flood 
events were analysed through evaluating trends in rainfall data and incident reports. 
GIS data was also evaluated but in the four-year period assessed, they were found to 
be limited in their application due to inconsistent flood records (Bouchard et al., 
2007).  
In conducting a severe storm risk assessment of the Eastern Cape, Pyle (2006), 
found that GIS was an effective tool in assessing risk but was not a method to be 
used in isolation due to various problems such as a lack of having been in the area to 
ground-truth data. GIS, is, however, beneficial in undertaking a multi-hazard analysis 
that incorporates both scientific data and socio-economic data by overlaying 
information. This simply cannot be done by hand drawn maps or other conventional 
mapping techniques, especially when analysing risk that has multiple elements. Pyle 
(2006) used the National Disaster Management Framework, established by South 
African legislation, to examine disaster risk. The framework was used to examine 
hazard threats, as the term disaster can be limiting (Pyle, 2006) and identifies a risk 
factor by considering hazards together with vulnerabilities, with the outcome to 
estimate a level of disaster risk. Hazards include historical information, probability, 
frequency, intensity, exposure, etc. while vulnerability encompasses economic, 
social, physical and environmental susceptibility and capacity (Pyle, 2006). 
Ologunorisa and Abawua (2005) reviewed flood risk assessment by looking at 
various techniques used in case studies across the world. Five risk assessment 
techniques were classified. These were: meteorological parameters, hydrological 
parameters, socio-economic factors, a combination of hydro-meteorological and 
socio-economic factors and the use of Geographical Information Systems 
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(Ologunorisa and Abawua, 2005). The most used technique was that of 
meteorological parameters to assess flood risk specifically using rainfall parameters. 
The study concluded that the use of GIS as a flood risk assessment should be 
encouraged as it is able to integrate all the techniques into one output. 
 
2.7. Conclusion 
 
It is clear that a variety of floods of all types can cause extensive damage as well as the loss 
of lives and property. COL’s with a ridging high pressure at the surface seems to be the main 
flood producing weather system to affect the study area. Rainfall amounts can be 
augmented when moist air meets with orography at perpendicular angles. Rainfall data is the 
key meteorological source for flood analysis.  
Government policy and practice tends towards risk reduction, rather than disaster response 
and relief. This proves to be better suited to key role players by being more prepared in 
disaster situations as well as having a financial benefit in the long run. Another option could 
be to capitalise on peoples’ self-reliance by emphasising flood awareness.  Disaster 
management legislation requires that risk/vulnerability assessments are conducted at 
provincial, municipal and community (local) levels in order to identify at-risk areas (Pyle, 
2006). GIS is an effective tool used in conjunction with other methods to map risk areas. By 
definition, risk involves not only hazard but vulnerability as well, which involves factors which 
are beyond the scope of this study, which has a meteorological focus rather than a socio-
economic focus. Therefore, the emphasis of this study will be on the meteorological 
parameters that lead to severe flood events. 
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Chapter 3  Study Area 
 
3.1. Introduction 
 
This chapter presents the study area that was selected and the criteria that were utilised for 
the selection. As mentioned in chapter 1, the study area lies within the southern parts of the 
Eastern Cape Province in South Africa. After reviewing how the study area was selected, 
specific details of the study area are provided that cover climate, drainage and topography. 
3.2. The study area 
 
3.2.1 Factors that determined the selection of the study area 
In order to define the study area, three factors were taken into consideration, namely 
climate variability, local population distributions and water management areas 
(WMA’s). 
3.2.1.1 Factor 1: Climate variability 
The Eastern Cape Province has high climate variability with summer and winter 
rainfall systems affecting the province (Molekwa, 2013). The extent of the province is 
influenced by vastly different climates. The eastern extremes of the Great Karoo, 
which are located in the western parts of the Eastern Cape, are associated with dry, 
semi-arid conditions (Desmet and Cowling, 1999). The eastern parts of the Eastern 
Cape have higher rainfall than in the western parts (Figure 3.1). Higher rainfall is also 
received along the south coast areas (Molekwa, 2013) where annual rainfall is 
experienced (Engelbrecht et al., 2015). Severe floods have occurred along the south-
eastern coastline in the past (Molekwa et al., 2014). Singleton and Reason (2006) 
suggest that the warm Agulhas Current provides higher moisture availability in 
severe rainfall events along the eastern coastline of the Eastern Cape. Therefore, the 
south eastern coastline of the Eastern Cape Province is highlighted as a higher 
rainfall area which experiences heavy rainfall events and consequent floods. 
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Figure 3.1: Mean Annual Precipitation over South Africa. Source: Schulze (1997:32) 
3.2.1.2 Factor 2: Population distribution 
A consideration in selecting the study area is that of population. Floods that have little 
effect on people have a reduced risk. Therefore, areas that are highly vulnerable to 
floods would be areas of higher population density. The two metropolitan areas of 
Port Elizabeth and East London would potentially be greatly affected by floods. In the 
case of a major flood, transportation routes could become inaccessible, diseases 
could spread from stagnant water and millions of people could be displaced.  In 
terms of flood and disaster management, this study would shed some light on hazard 
threat areas. 
3.2.1.3 Factor 3: Water management areas 
Water management areas (WMAs) and drainage regions in the Eastern Cape were 
considered for demarcating the study area as they define existing management 
divisions. South Africa has 22 drainage regions, of which ten fall within the Eastern 
Cape (Figure 3.2). 
The specific study area includes drainage regions M, P, R, eastern parts of K and 
southern parts of Q and N (Figure 3.2). These areas fall under the Tsitsikamma to 
Fish WMA (No. 15) and the western most part of the Mzimvubu to Keiskamma WMA 
(No. 12) to include the East London area (Department of Water Affairs, 2017). More 
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specifically, the sub-WMAs to be included are: Tsitsikamma, Algoa, Bushmans, 
Amatola and the extreme southern parts of the Fish and Sunday’s sub-WMAs (south 
of Fort Beaufort). The northern basins of the Fish River and Sundays River sub-areas 
fall within the Karoo area with arid climatic conditions dominating the rainfall in this 
area (Shand, 2005) and will, therefore, be excluded. 
 
Figure 3.2: Drainage regions of South Africa, Source: Department of Water Affairs (2017). 
 
The study area is from Gamtoos River to the Great Kei River Mouth but does not 
include the lower parts of the lower Great Kei River catchment or the Gamtoos 
catchment itself. Quaternary catchments were selected that fit into this region. The 
northern boundaries were restricted by higher topography as will be seen in section 
3.2.4. The study area is highlighted in Figure 3.3 below. 
The main cities and towns that fall within this study area are: Port Elizabeth, 
Uitenhage, Port Alfred, Grahamstown, Bisho and East London. 
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Figure 3.3: The Eastern Cape Province with the study area highlighted. 
 
3.2.2. Rainfall and climate of the study area 
Most of the study area, especially the south-eastern coastal belt, is strongly 
influenced by the warm ocean currents from the Indian Ocean (Shand, 2005). The 
warm Agulhas current runs parallel to the Eastern Cape coastline (Walker, 1990). 
The majority of the area receives rainfall throughout the year with a higher volume in 
summer. Rainfall amounts vary from 400 mm in the interior to 700 mm at the Fish 
River and 700 to 800 mm mean annual precipitation at Bushmans River (Boesmans) 
(Shand, 2005). The Internal Strategic Perspective for the Amatola-Kei area (drainage 
regions R and S) differentiates rainfall and climate according to the proximity to the 
coast. The coastal areas have a more temperate climate and rainfall here ranges 
from between 500 mm in the west at the Keiskamma River to 1000 mm at Great Kei 
River Mouth in the east. The Amatola Mountains receive around 1200 mm annually 
(Anon., 2004).  
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3.2.3. Rivers within the study area 
There are numerous large rivers within this area (Figure 3.4). The Gamtoos River 
forms the western boundary of the area and flows into St Francis Bay. In the Algoa 
sub-area (Van Stadens River to Coega River), the Swartkops River is the main river 
of influence (even though it isn’t as long as the Coega River) and flows into Algoa 
Bay (Klages et al., 2011).  The Sunday’s River has its headwaters near Nqweba Dam 
at Graaff-Reinet but flows southwards towards Algoa Bay where it exits near 
Cannonvale (Shand, 2005). Moving eastwards, the Bushmans River, Kariega and 
Kowie Rivers are the main rivers that form part of the Albany Coast sub-area (Shand, 
2005).  The Great Fish River supplies water to the Grahamstown area via pipelines. 
This river has its mouth in an estuary 25 km east of Port Alfred along the Albany 
Coast or drainage region P (Shand, 2005). The Orange River Development Project, 
developed in the 1970s, supplies water to the Fish and Sundays WMAs (Shand, 
2005). The Amatola coastal catchments consist of the Keiskamma, Buffalo and 
Nahoon Rivers. These rivers drain the Amatola mountain range at 1960m above 
mean sea level to flow south-eastwards into the Indian Ocean either side of East 
London (Anon., 2004). The Amatole catchment has a mean annual run-off rate of 
559 million m³/a (Anon., 2004). 
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Figure 3.4: Rivers in the study area. 
3.2.4. Topography of the study area 
Most of the study area consists of relatively higher rainfall coastal catchment areas 
and the topography reflects increasing altitudes with distance from the coast (Figure 
3.5). The most western part of the area has numerous mountain ranges running 
parallel to the coast, namely the Baviaanskloof Mountains, Tsitsikamma Mountains 
and the Groot-winterhoek Mountains (Shand, 2004).  The Nelson Mandela Bay 
Metropolitan area, between the Van Standens River and Sunday’s River, is fairly flat 
with the coastal plain sloping toward the sea and averaging around 75m above mean 
sea level (Klages et al., 2011). The north-western parts of the NMBM are intruded by 
the Groot-winterhoek Mountains, part of the Cape fold mountain range (Klages et al., 
2011). The Albany Coast comprises steep, well incised river valleys in bush covered 
hills (Shand, 2005). Coastal catchments have significant runoff with less than 
average in the northern parts of the study area. Higher percentages of runoff occur 
during years in which floods occur (Shand, 2005). The Amatole- Kei area exists 
along the coastline between the Keiskamma River and the Great Kei River, then 
progresses inland to the Amatola mountain range at a height of 1960m above mean 
sea level (amsl) (Anon., 2004). 
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Figure 3.5: Topographical map of South Africa with elevation in metres. Mountain ranges of interest 
are: 1. Cape Fold Mountains, 2. Groot-winterhoek Mountains, 3. Amatola Mountains Source: Modified 
from Mapsof.net (2017). 
 
3.3. Conclusion 
 
The study area has been detailed with the western boundary along the Gamtoos River and 
the eastern boundary along the Great Kei River.  The coastal areas have a temperate 
climate with annual rainfall, which peaks slightly in the summer season. The study area has 
many large rivers which drain the higher lying areas inland with the Amatola coastal 
mountains being the highest range in the study area. 
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Chapter 4  Methods  
 
4.1 Introduction 
 
The methods, techniques and tools used to achieve the aim of this research are presented. 
A fundamental intention of this study is to conduct a meteorological analysis of extreme flood 
events in the southern parts of the Eastern Cape between the Gamtoos and Great Kei 
Rivers. 
In the research matrix, indicated in Table 1.1, each objective and research question was 
identified. Each objective of the study will now be given in greater detail and the 
corresponding methods and tools used to achieve these objectives will be highlighted. 
4.2 Objective 1: Identify extreme historical flood events 
 
4.2.1 Introduction 
The first objective was to conduct research and identify extreme historical flood 
events within the study area and to investigate which flood events were the most 
severe. First, severe weather events were identified through correspondence with the 
South African Weather Service. All severe weather events were reported in a 
published book by the SAWS, named Caelum and is discussed in detail below.  
Newspaper articles were then collected for extra information using the dates 
identified in Caelum as well as any disaster management reports. 
4.2.2 Caelum 
Caelum lists, in chronological order, the history of notable weather events in South 
Africa. The published hard copy reviews the years 1500-1990 and a digital copy in a 
Microsoft excel format was obtained for the dates from 1647 to 2013. Caelum was 
produced by sourcing newspaper articles, weather related articles as well as 
meteorological reports and publications from the then “Weather Bureau”, with the aim 
of documenting “significant weather events” (Weather Bureau, 1991). Only events 
that were reported were able to be published in Caelum and this could show an 
inconsistency in the data as some events may have been unavoidably omitted. 
However, as this study concentrates on significant severe events, most of these 
events are recorded due to the impacts in terms of their damage and/or loss of life. It 
was decided that only severe events that occurred after 1900 were to be considered 
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as urban expansion and land use change can have a large impact on run-off and 
therefore, floods in an area. Reporting of events was also more improved in the 
1900s with limited historical evidence before this time. 
The printed version of Caelum gives the date, area and a brief description of the 
event in a few sentences. The digital format of Caelum includes the date, the type of 
event, where the event occurred, GPS coordinates of the location, height of the 
station and comments which range from damage recorded to the number of deaths. 
Meteorological data for each event is not recorded in the digital format of Caelum. 
Therefore, rainfall data was collected, from the SAWS, for the flood events recorded 
in Caelum that fell within the study area. 
4.2.3 Rainfall data 
 
4.2.3.1 Rainfall data collection 
Rainfall data from 187 rainfall stations in the Eastern Cape was collected, of which 94 
fell within the study area (Figure 4.1). 
 
Figure 4.1: Rainfall stations within the study area. 
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The rainfall data was filtered according to the flood event dates acquired from 
Caelum. For each flood event, the rainfall station that received the highest twenty-
four-hour rainfall was recorded. 
 In order to obtain realistic rainfall values that would have contributed to the flood, all 
the stations within the flood area were looked at. For example, if Caelum stated that 
the flood occurred in Port Elizabeth, all the rainfall stations around the area and 
upstream of the city were considered and analysed and not just the closest rainfall 
station to the city centre or the flood area. This was done in order to consider events 
where rainfall fell in the watershed areas upstream of the affected area and perhaps 
not necessarily in the flood area itself. 
In some instances the highest twenty-four-hour rainfall at a rainfall station was 
excluded and the next highest rainfall used. These instances occurred when the 
highest twenty-four-hour rainfall at a rainfall station was too far away to have been 
able to contribute to the flood or contributed to runoff into a different catchment area 
than from where the flood occurred. While there are many socio-economic as well as 
hydrological factors that contribute to a flood, in terms of a meteorological analysis, 
classifying the severity of flood events according to the amount of rain recorded, was 
found to be the most pragmatic approach. 
Flash flood events tend to occur when heavy rainfall occurs in short periods of time, 
with high rainfall rates while riverine flooding tends to occur over a number of days of 
consistent rainfall (Doswell et al., 1996). Therefore, the maximum event rainfall was 
also collected as some flood events had rainfall occurring for more than 24 hours 
adding to or exacerbating the flooding. 
The events that had the highest twenty-four-hour rainfall amounts were organised in 
descending order. The same was done for the event rainfall category. The top five for 
each category were then identified and analysed. 
4.2.3.2 Data quality control and troubleshooting 
The SAWS rainfall data was used to retrieve rainfall values. The SAWS ensures strict 
quality control of rainfall values from various weather stations around the country. 
Therefore, due to these quality control measures already taken, the SAWS values 
were trusted. SAWS rainfall values were selected above values reported in the 
Caelum, as Caelum uses newspaper reports in conjunction with reported rainfall 
values from other sources, such as municipal or private stations. These other 
sources were not as reliable due to lower quality control measures. 
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Due to the study ranging over a long period of time, rainfall was measured using 
different instruments throughout the history of the South African Weather Service. 
The following instrument details were collected from B. Appel (2016, pers.comm).  
Before 1990, standard rain gauges were used to record daily rainfall, which was used 
in conjunction with autographic rain gauges. Autographic rain gauges were used 
primarily to record hourly rainfall intensity. Standard rain gauges record daily rainfall 
up to a maximum of 300 mm at a time. The rain gauge allows rain to fall into a 
container with a funnel at the top, which collects and is then measured by SAWS 
personnel by being poured into a measuring glass. This was done at 08:00 SAST 
every morning. The measurement recorded by the standard rain gauge was the 
official amount used in the data captured. The official daily measurement was used to 
compare the autographic recordings. The autographic rain gauge allows rain to fall 
into a funnel which filters the rain through a pipe and into a cylindrical canister. The 
canister has a float in it which has a pen attached to it. As the float rises, when the 
rain fills the canister, the pen draws a line on a graph which is attached to a rotating 
drum that has a clock in it. The clock was wound once a week. The graph paper 
stays dry and is protected by the funnel above. This method entails a graph being 
drawn in 10 mm peaks on graph paper. If the time taken for a 10 mm fill to be 
reached is short, then the graph will have a steep gradient; if it takes longer, the 
graph has a more gradual slope. Once 10 mm was reached, an outflow pipe allowed 
the water to be syphoned out and the graph returns back to 0 mm.  The autographic 
rain gauges were used primarily to see rainfall intensity per hour as many peaks 
close together indicated high intensities. The problem with the standard rain gauge is 
that when heavy rains fell in excess of 300 mm, the SAWS personnel had to be on 
hand to empty the bucket to allow it to refill. This was likely during very heavy rainfall 
intensities and small amounts of rain may have been unrecorded during the 
changeover. The problem with autographic rain gauges is the time it takes for the 
water to be syphoned out to empty versus the rate of it filling up again. This would 
again lead to a small loss of rainfall during very intense rainfall periods. The 
autographic rain gauges were gradually phased out across South Africa in the early 
1990’s and were replaced with tipping-bucket rain gauges, which are still in use 
today. Some private farms still have standard rain gauges that require people to 
measure out the rainfall (Appel, 2016, pers.comm.). 
The tipping bucket rain gauge has a funnel with a pipe which leads the rainfall to fall 
into one of two tipping buckets, which tips when the weight of water equals 0.2 mm of 
rain. Once it tips the water out from the first bucket, the next bucket is ready to collect 
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the rainfall. A reed switch is wired to a logger which counts the tips and records the 
amount of tips multiplied by 0.2 and the data is then downloaded in a digital format. 
Fewer problems exist then in capturing high intensity periods (Appel, 2016, 
pers.comm.). 
The SAWS rainfall data also contained some discrepancies. The collection of rainfall 
amounts needs to be conducted every day in order to have accurate daily rainfall 
data. However, due to some of the rainfall stations being on private farm lands, the 
onus is on the farmer/s to measure and record the rainfall. This has resulted in daily 
readings occasionally not being recorded. Instead, the recording may be taken after 
a few days or in some instances, even after an entire month. This makes identifying 
high rainfall events by twenty-four-hour rainfall very difficult. Thus, it was decided that 
rainfall that had accumulated over a few days could not be used to analyse the 
highest daily rainfall. The SAWS rainfall data had three different codes for errors in 
the rainfall collection. These were indicated as ‘A’, ‘C’ or ‘ ***’. The ‘A’ indicated that 
the rainfall was not recorded that day and was accumulating. The ‘C’ indicated the 
rainfall value shown had accumulated over a number of days. In these instances, the 
twenty-four-hour rainfall could not be confirmed and was therefore, not used. ‘***’ 
indicated missing rainfall data while blank cells in the excel format indicated no 
rainfall fell for that particular day. Accumulated data was, however, used in identifying 
the flood event totals, where possible. Even in light of these challenges, the SAWS 
data still had the largest amount of consistent and quality controlled data over a long 
period compared to any other source. 
The resulting data was then sorted from largest to smallest and the top five twenty-
four-hour rainfall events and the top five event rainfall dates were chosen to be 
analysed. 
 
4.3  Objective 2: Conduct an analysis of surface observational data from 
heavy rainfall events. 
 
4.3.1 Introduction 
Once the top five twenty-four-hour rainfall and event rainfall dates were identified, the 
meteorological analysis could then be conducted. 
For each of the dates identified, the surface synoptic charts and upper air charts 
were collected to identify which weather systems contributed to or caused the heavy 
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rainfall and associated floods. The surface synoptic charts and upper air charts were 
collected using NCEP/NCAR Reanalysis 1 data. Daily weather bulletins were 
collected from SAWS as a starting point for the dates identified. Lastly, 
meteorological data such as hourly rainfall, pressure, temperature, humidity, wind 
direction and wind speed was used to analyse the surface observational data that 
occurred during the heavy rainfall events. 
4.3.2 Daily weather bulletins 
Daily weather bulletins were available from the SAWS website and Port Elizabeth 
Weather office archives. These bulletins consist of a surface synoptic chart and a 
basic summary of the weather systems of the day (both surface and upper air) and 
any significant events that occurred such as cloudbursts, floods or severe 
thunderstorms. 
The daily weather bulletins were collected for the flood event dates where available 
to get information of the main weather systems and occurrences of severe weather 
on the day.  
4.3.3 NCEP/NCAR reanalysis data 
The NCEP/NCAR reanalysis 1 data (Kalnay et al., 1996) was used to retrieve surface 
and upper air data to see the location of weather systems in circulation for the 
selected flood dates. The NCEP/NCAR reanalysis 1 project is an analysis/forecast 
system that performs data assimilation using past data. The NCEP/NCAR reanalysis 
1 data was used as it starts from 1948 whereas the NCEP/NCAR reanalysis 2 data 
only starts from 1979. Mention must be made here that using NCEP/NCAR 
reanalysis 1 data does not include satellite data for the southern hemisphere in the 
reanalysis procedure whereas NCEP/NCAR reanalysis 2 data does (Engelbrecht et 
al., 2015). NCEP/NCAR reanalysis data has a vertical resolution of 17 pressure 
levels available at four times daily intervals. 
Surface synoptic charts are an analysis of the state of the atmosphere at surface 
level over a certain area at a given time. Synoptic scale ranges from several hundred 
kilometres to several thousand (American Meteorological Society, 2015). The surface 
synoptic charts used in this study were pressure charts depicting the location of high 
and low pressure systems over the country of South Africa and the country’s 
bordering oceans. The NCEP Reanalysis 1 data (Kalnay et al., 1996) was used to 
retrieve mean sea level pressure charts of an area from 10°S to 45°S and from 05°E 
to 45°E. 
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Upper air charts are charts that depict parameters (geopotential heights, 
temperature, potential vorticity etc.) on a constant pressure level e.g. 500hPa. 
Geopotential height charts were collected at 500hPa, as a local minimum in 
geopotential heights occurs at this level during COLs (Molekwa et al., 2014; 
Engelbrecht et al., 2015), to see the location of upper air low and high pressure 
systems between 10°S to 45°S and from 05°E to 45°E. The temperature charts at 
500hPa were then overlaid on the geopotential height charts to see potential cold 
core systems such as in the case of COLs. 
4.3.4 Surface observational data 
Surface observational data was collected for the events identified. This included 
pressure (reduced to sea level), temperature, humidity, wind direction, wind speed 
and hourly rainfall data which were obtained from the SAWS, Port Elizabeth and 
Pretoria offices. This data was then analysed to look for patterns or correlations that 
may have occurred between the different events. The data is presented in chapter 5 
in graphical format with hours in SAST. Hourly rainfall data was analysed in order to 
look at rainfall intensity and to conclude whether the rainfall fell in a short space of 
time, or if it was over longer periods. Rainfall that falls heavily in a short space of time 
is more likely to contribute to flash flooding.  
Pressure can be used to identify a change in synoptic systems by the pressure 
increasing for high pressure systems and a decreasing pressure for low pressure 
systems. The pressure, reduced to sea level, was measured in the standard of 
hectopascals (hPa). Relative humidity was analysed to assess the moisture near the 
surface to understand the environment in which the heavy rainfall events took place 
and what preceded these events. Relative humidity was in percentage. Surface 
temperature was included to understand the air masses in circulation prior to and 
during, the heavy rainfall events. This is especially important when a ridging high 
pressure system pushes in cold air from behind a cold front. Temperature was 
measured in degrees Celsius. The importance of onshore flow was mentioned in the 
literature review and therefore, wind direction and wind speed were measured to see 
if onshore winds were present in the flood events. Wind direction was measured in 
degrees from north (0°) in a clockwise direction. Wind speed was measured in 
metres per second. Wind descriptors were used in the surface data analysis as 
defined by the South African Weather Service, found in Table 4.1 below. A common 
term not found in Table 4.1 is the term for a wind which is light and variable. This 
refers to a wind that is light in speed with varying wind directions. 
32 
 
 
 
Table 4.1: Wind descriptors (Adapted from the Beaufort scale) 
Descriptor Knots Km/h m/s (rounded off 
values) 
Light 1-9 1-16 1-4 
Moderate 10-13 17-24 5-7 
Fresh 14-19 25-35 8-10 
Strong 20-34 36-61 11-17 
Gale 35-40 62-74 18-20 
Strong gale 41-47 75-87 21-24 
 
4.4. Conclusion 
 
This chapter looked at the methods used to conduct this study and to meet the objectives 
outlined in chapter 1. Using these methods, the results for the rainfall analysis and surface 
data analysis follow in the next chapter. 
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Chapter 5  Results and Discussion 
 
5.1  Introduction 
 
This chapter discusses the results found in the rainfall data analysis as well as the results of 
the meteorological assessment of severe historical flood events that occurred within the 
study area.  Seven case studies were analysed with a case discussion at the end of each 
case study to highlight the important factors. This chapter, thereafter, includes a discussion 
of all the results pertaining to all seven cases. The chapter is then concluded with the final 
remarks from the results. 
5.2  Rainfall Data Results 
 
Using Caelum as a source, 45 flood events were identified to have occurred in the study 
area between 1902 and 2013. The rainfall data from all the rainfall stations available were 
collected for each event. The previous chapter discussed how the rainfall data was 
analysed, quality controlled and categorized by highest rainfall in twenty-four hours and 
event rainfall respectively. From these results, it was able to be established which historical 
flood events were the most severe in the study area. 
Table 5.1 displays the five highest twenty-four-hour rainfall flood events. The most severe 
event occurred in the East London area with 490 mm as the highest twenty-four-hour rainfall 
amount recorded which was measured at the East London Agriculture (AGR) station. This 
rainfall amount was recorded on 27 August 1970. This occurred during the flood event that 
took place between 24 and 28 August 1970 which had an event total of 1101.4 mm. In Table 
5.2, it can be seen that this was also the highest event total of all the floods recorded. From 
Table 5.1, the next highest twenty-four-hour rainfall was at Port Elizabeth with a total of 429 
mm. However, in Table 5.2, this event came in only at fourth. Another interesting mention is 
that the second highest event total of 528 mm for the flood in the Gamtoos River area does 
not feature in the top five highest twenty-four-hour rainfall. This implies more consistent 
heavy rainfall days over a longer period rather than one significant day contributing to the 
event total. 
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Table 5.1: Top five flood events with the highest twenty-four-hour rainfall amounts in descending 
order. 
Date Flood 
Location 
Rainfall 
station 
Amount (mm) Date 
recorded 
Event 
total 
(mm) 
24-28/08/1970 East London East London 
AGR 
490 27/08/1970 1101.4 
31/08/1968 
01-02/09/1968 
Port Elizabeth Port Elizabeth 
WK 
429 01/09/1968 455 
15/08/2002 East London East London 
WO 
317.2 15/08/2002 317.2 
24-26/03/1981 Port Elizabeth Groendal Bos 274 25/03/1981 316 
05-06/11/2005 East London Umzoniana 261.5 06/11/2005 273 
 
Table 5.2: Top five flood events with the highest event rainfall amounts in descending order of rainfall 
amounts. Dates marked with an asterisk also appear in Table 5.1. 
Date Flood Location Rainfall Station Event Rainfall 
Amount (mm) 
*24-28/08/1970 East London East London AGR 1101.4 
28-31/12/1931 
01/01/1932 
Gamtoos and 
Sunday’s River 
Otterford Bos 578 
*24-26/03/1981 Port Elizabeth Port Elizabeth 
Cotswold 
460 
*31/08/1968 
01-02/09/1968 
Port Elizabeth Port Elizabeth WK 455 
24-27/07/1983 Patensie/Port 
Elizabeth and 
Gamtoos 
Otterford Bos 428 
  
Some flood events occur both in the top five for twenty-four-hour rainfall and in the top five 
for event rainfall as indicated by an asterisks in Table 5.2. These cases are 24-28 August 
1970, 1 September 1968 and 24-26 March 1981. Therefore, instead of ten case studies, only 
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seven remain due to the recurrences of the events. The seven case studies will therefore be 
investigated and an analysis of surface observational data conducted for each. 
5.3  Case Studies 
5.3.1. Case 1: East London 24-28 August 1970 
5.3.1.1 Case Overview 
This flood event represents the most severe event according to rainfall data to occur 
in the study area. This remarkable event obtained both the highest twenty-four-hour 
rainfall and the highest event rainfall. The highest twenty-four-hour rainfall occurred 
at the East London Agriculture rainfall station which recorded 490 mm ending at 
08:00 SAST on 28 August 1970. The event totalled 1101.4 mm at the same station 
for the five-day period from 24-28 August 1970. The five-day rainfall accumulation 
can be seen in Figure 5.1 with the concentration of the heaviest rainfall just inland 
from East London city. This resulted in extensive flooding and damage to roads and 
properties as well as communication disruptions. Unfortunately, seven lives were lost 
due to the flooding. 
The synoptic analysis is given in the next section to identify which weather systems 
were responsible for the devastation caused in East London. 
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Figure 5.1: The five-day rainfall accumulation in East London on 24-28 August 1970. Source: 
Adamson (1981:25). 
5.3.1.2. Systems Analysis 
The synoptic overview looks at the synoptic scale systems that may have contributed 
to the heavy rainfall. This section is categorized into days to better follow what 
happened in a consecutive time series. 
Monday 24 August 1970: A cold front moved through South Africa, with the low 
pressure system located south of Port Alfred at 00:00Z (Figure 5.2). The Atlantic 
Ocean high pressure system can be seen south-west of the country pushing in 
behind the cold front. The upper air analysis (Figure 5.3) revealed a broad upper air 
trough over the western part of the country at 00:00Z with a temperature trough just 
south of Cape Agulhas. 
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Figure 5.2: Synoptic chart of mean sea level pressure (hPa) at 00Z on 24 August 1970. 
 
Figure 5.3: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures 
in blue at 00:00Z on 24 August 1970. 
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Tuesday 25 August 1970: The surface analysis (Figure 5.4) shows that the cold 
front from the previous day had moved to the south east and the high pressure 
system ridged in behind the cold front along the south coast of the country. A surface 
trough developed over the central interior of the country. The upper air chart (Figure 
5.5) showed a steeper upper air trough off the south west Cape compared to the 
previous day as well as an intensification of the temperature trough which extended 
further north to be in similar proximity to the upper air trough. 
 
 
Figure 5.4: Synoptic chart of mean sea level pressure (hPa) at 00Z on 25 August 1970. 
39 
 
 
Figure 5.5 Geopotential heights at 500hPa in black contours with 500hPa temperature in dotted 
contours as well as shading with warmer temperatures in red and colder temperatures in blue 
at 00:00Z on 25 August 1970. 
 
Wednesday 26 August 1970: The Atlantic Ocean high pressure system moved 
northwards from approximately 40°S the previous day to be located around 36°S with 
a ridge extending along the south coast of the country (Figure 5.6). A tight pressure 
gradient can be seen between the ridge of the high pressure system and the surface 
trough which is extending off of the Kwa-Zulu Natal coastline. The upper air trough 
from the previous day had intensified into a COL, with a cold core, which was located 
over the western parts of the Northern Cape at 00:00Z (Figure 5.7). 
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Figure 5.6: Synoptic chart of mean sea level pressure (hPa) at 00Z on 26 August 1970. 
 
Figure 5.7: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 26 August 1970. 
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Thursday 27 August 1970: The high pressure system to the south west of the 
country again moved further north to be located around 35°S and still extended a 
ridge along the south coast (Figure 5.8). A surface trough extended off of the Kwa-
Zulu Natal coastline once again and a surface low pressure is located over the 
eastern interior of the country. The COL had moved slightly north eastwards (Figure 
5.9) to be located over the central parts of the Northern Cape although slightly 
weaker (5650gpm and temp < -20°C) compared to the previous day (5600gpm temp 
< -24°C). 
 
Figure 5.8: Synoptic chart of mean sea level pressure (hPa) at 00Z on 27 August 1970. 
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Figure 5.9: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 27 August 1970. 
 
Friday 28 August 1970: The surface high pressure system had weakened 
substantially from the previous day from 1038hPa to 1030hPa (Figure 5.10). 
Although the ridge still extended along the south coast the pressure gradient was 
weaker than in previous days. A surface low pressure system existed along the Kwa-
Zulu Natal coastline. The COL had progressed slowly eastwards to be located over 
the central interior of South Africa (Figure 5.11) with a temperature core of -18 °C. 
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Figure 5.10: Synoptic chart of mean sea level pressure (hPa) at 00Z on 28 August 1970. 
 
Figure 5.11: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 27 August 1970. 
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5.3.1.3 Meteorological parameters analysis 
The single day with the highest rainfall for this event occurred on the 27 August 1970 
which started at 08:00 SAST on 27 August and ended at 08:00 SAST on 28 August 
1970. The daily rainfall for 27 August was 447 mm at East London WK and 490 mm 
at East London AGR station. The daily rainfall accumulation can be seen in Table 5.3 
for different stations surrounding East London. 
Table 5.3: Daily rainfall amounts in millimetres at stations around East London for 24-28 
August 1970 
Date East London WK East London AGR East London Signal 
24 August 
1970 
29 21.7 18.5 
25 August 
1970 
155.3 220.7 98 
26 August 
1970 
70.8 125 37 
27 August 
1970 
447 490 405.3 
28 August 
1970 
152.4 244 118 
 
The SAWS has a threshold for classifying heavy rainfall. This threshold is 50 mm or 
greater. During this event, this threshold was not only reached for four consecutive 
days at East London WK and East London AGR rainfall stations but in some 
instances, it was almost ten times this threshold.  The first significant rainfall was 
recorded on 25 August 1970, which coincided with a cut-off low over the western 
parts of the Northern Cape and the ridging of the high pressure system along the 
south coast. A key contributor to the heavy rainfall in East London was the presence 
of the surface low over the interior. The clockwise rotation around this low resulted in 
the inflow of moist, warm air from the Indian Ocean into the East London area 
(Hayward and van den Berg, 1970). This caused a marked contrast in air mass as a 
warmer, moister air mass from the north east met a cooler air mass from the south-
west as the high pressure ridged in behind the low.  
For the meteorological analysis, the East London WK station will be used as the data 
was recorded hourly whereas at the East London AGR station, recordings were only 
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taken twice daily. Each individual day will be analysed with all the applicable 
meteorological parameters. 
Looking at the 24th August 1970, the pressure (Figure 5.12) started gradually 
increasing after about 04:00 to reach a peak at 09:00 but remained between about 
1020 and 1022 hPa for the day. The temperature (Figure 5.13) started off at the 
lowest minimum compared to all the other days at 9.5 °C at 06:00 on the 24th and 
increased rapidly to a maximum at 11:00 of 17.6 °C. This was the highest 
temperature for the five-day period.  The temperature then began to gradually 
decrease. The relative humidity, in Figure 5.14, indicated the driest profile for the 
five-day period on the 24th, with a minimum relative humidity at 51% at 10:00. The 
relative humidity began to increase rapidly after this until 14:00 when it stabilised for 
a short time until another rapid increase at 18:00 into the evening. The wind direction, 
in Figure 5.15, started off south-westerly until around 08:00 after which the wind 
direction began turning towards a south-south-easterly direction. After 18:00, the 
wind began to vary between a northerly and easterly wind for most of the night. The 
wind speed (Figure 5.16) started off fairly light and began to increase after 06:00 to 
reach a peak for the day at 7.6 m/s at 10:00. The wind speed remained in the “fresh” 
category until about 13:00, after which the speed began to decrease to 18:00 when 
the wind was less than 2 m/s which explains the rapid changes between northerly 
and easterly wind. A wind that is very light can tend to vary in direction and is 
regarded as a light (speed) and variable (direction) wind. 
The pressure decreased through the morning of the 25th August but rose sharply 
after 14:00 from 1013.7 hPa to 1023.8 hPa by 23:00. The temperature in Figure 5.13 
dropped sharply around 14:00 from 16.4 °C to 13.2 °C at 16:00. After this, the 
temperature remained fairly stable for the rest of the evening. The relative humidity 
was high for most of the day between 90 and 100% with a decrease between 10:00 
and 14:00 and between 17:00 and 19:00. The wind direction started off as a northerly 
wind and changed to an easterly wind by 03:00 and remained easterly until 15:00 at 
which point the wind changed to a south easterly and remained that way for the rest 
of the day. The wind speed started off light and increased gradually throughout the 
morning. A sharp increase occurred between 07:00 and 09:00 from 4.5 to 9.8 m/s. 
The wind speed then decreased after 09:00 to 12:00 when the wind moderated at 
around 5 m/s until 16:00 when the wind suddenly spiked from 5.8 m/s to reach 13 
m/s by 19:00. After this, the wind speed decreased to 5.8 m/s by 23:00. 
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On the 26th August, the pressure continued to increase from the previous day to 
reach the highest pressure in the five-day period at 1026.7 hPa at 09:00. The 
pressure then decreased throughout the afternoon to 1022.5 hPa by 15:00 after 
which it increased slightly to 1024 hPa for the rest of the night. The temperature had 
a minimum of 13.2 °C at 03:00 and had an increasing trend throughout the morning 
to reach a peak at 16.4 °C at 14:00. The temperature dropped after 14:00 to 15.5 °C 
but then began to increase again with the maximum of the day occurring at 19:00 at 
16.6 °C.  The relative humidity was high throughout the morning but continued to 
increase with a peak at 100% at 12:00. After 12:00 the relative humidity began to 
decrease with a minimum at 19:00 of 78%. The relative humidity then increased to 
another peak at 95% at 22:00. The wind direction averaged on a south-easterly wind 
direction for the entire day. The wind speed ranged between 6 and 8 m/s for the 
whole day with a minimum at 22:00 of 5.8 m/s. 
The 27th August was the day that recorded the highest rainfall in twenty-four hours. 
The pressure on this day decreased throughout the morning to a minimum at 11:00 
of 1017.7 hPa but then increased after this with the maximum at 22:00 of 1022.5 
hPa. The temperature had a morning minimum at 06:00 of 14.4 °C, after which the 
temperature increased rapidly to 16.4 °C at 08:00 and then stabilised until a rapid 
decrease in the temperature occurred after 11:00. The temperature continued to 
decrease until reaching a minimum of 10.3 °C at 18:00 for the day. The temperature 
hovered around the 11 °C point for the rest of the night. The relative humidity was the 
highest for this day than for any other in the period and averaged just under 100% for 
the day. The lowest relative humidity was between 01:00 and 03:00 at 95%. The 
wind direction was south-easterly until 12:00, after which the wind changed to a 
southerly direction until 15:00. The wind direction then moved to a south-south-
westerly wind averaging around 200° for the rest of the evening. The wind speed 
averaged around 6 m/s until 06:00 after which the wind speed increased rapidly to 
11.2 m/s at 10:00 but then decreased. An extreme minimum occurred at 13:00 with a 
wind speed of 2 m/s but then increased rapidly to average around 5-6 m/s for the rest 
of the evening. 
On the 28th August, the pressure decreased gradually for most of the first half of the 
day with a sharp decrease between 13:00 and 14:00 where the pressure dropped 
from 1018 hPa to 1015.8 hPa. The pressure then increased gradually to 1017.6 hPa 
by 18:00, after which it stabilised for the rest of the night.  The temperature had a 
minimum of 10.2 °C at 02:00 and the temperature increased with a maximum of 15.2 
°C reached at 11:00 and 14:00 with a minimum in between of 13.6 °C at 13:00. The 
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temperature decreased sharply after 14:00 to reach 12.2 °C at 15:00 with a second 
minimum of 11.3 °C at 18:00 but then the temperature increased gradually after this. 
The relative humidity was very high for most of the day with the minimum occurring at 
22:00 at 94%. The wind direction started off south-westerly until 05:00 then turned 
south-easterly. The wind changed to a westerly at 15:00 but then changed back to a 
south westerly by 17:00 for the rest of the evening. The wind speed averaged about 
5 m/s for the morning with a peak between 08:00 and 10:00 averaging about 7 m/s. 
The wind speed decreased sharply between 10:00 and 12:00 from 7.6 to 1.8 m/s. 
After 12:00, the wind speed increased gradually to reach 8.9 m/s for the maximum of 
the day at 19:00 and then decreased slowly in the evening but averaged around 7 
m/s. 
 
Figure 5.12: Pressure at East London WK for 24-28 August 1970. 
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Figure 5.13: Temperature for 24-28 August 1970 at East London WK. 
 
Figure 5.14: Relative humidity at East London WK for 24-28 August 1970. 
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Figure 5.15: Wind direction at East London WK for the 24-28 August 1970. 
 
Figure 5.16: Wind speed at East London WK for 24-28 August 1970. 
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require hourly rainfall data, which was not available in a SAWS quality controlled 
format. Thus, the hourly rainfall figures were retrieved using the autographic rainfall 
charts from East London WK. It is important to note that autographic data has faults, 
which were discussed in chapter 4. The autographic charts themselves were not 
available in a hard copy for this period but the data was digitized by the Climate 
Centre for Water Research. The digitized data had missing amounts, especially for 
the 27 August 1970 which was then added from the autographic chart for that day, 
published by Hayward and Van den Berg (1970), as seen in Figure 5.17. The day 
that had significant challenges in the rainfall collection was the 28 August 1970. The 
other days’ autographic data came to the correct daily totals, recorded by the 
standard rain gauges; however, a large difference occurred on the 28th in that no 
rainfall was recorded in the digitized data but 152.4 mm was recorded by the 
standard rain gauge, thus using synoptic messages issued at 08:00, 14:00 and 20:00 
and an interpretation of the synopsis, it was projected that the rain fell predominantly 
in the morning period. Scientific interpolation was thus conducted for hourly rainfall 
for the 28th August. 
 
Figure 5.17: The autographic rainfall chart at B.J Schoeman Airport in East London for 27 August 
1970. Source: Hayward and van den Berg (1970:130). 
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The daily rainfall, in Figure 5.18, clearly shows the largest rainfall accumulation 
occurred on the 27 August, with just under 450 mm. The daily rainfall for the 28th and 
25th August ended closely together at around 150 mm each. The lowest recording 
days were the 26th and 24th August respectively. 
 
Figure 5.18: Daily Rainfall at East London WK for 24-28 August 1970. 
Figure 5.19 helps to identify the highest rainfall intensity period between the 24 and 
28th of August. The very noticeable highest rainfall intensity per hour occurred on the 
27th August at 14:00 with an intensity of just under 80 mm/h.  The next day with high 
rainfall intensities is for the 25th August at 40 mm/h, closely followed by the 28th 
August with an intensity of around 35 mm/h. These were the maximum intensities 
recorded for these days. The 24th and 26th indisputably had much lower rainfall 
intensities with the highest intensity for both days occurring in the early hours of 27th 
August, which was before 08:00 so still officially fell into rainfall for the 26th August.  
The 24th August had rainfall occurring mainly in the evening starting at around 22:00 
with the highest rainfall intensity at 00:00 of about 5 mm/h.  The pressure decreased 
slightly during this period with the relative humidity increasing. The wind direction 
was varying between a northerly and an easterly wind but with very low wind speeds. 
At the hour of the highest rainfall intensity, the wind was a light north easterly. 
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The 25th August saw substantially greater rainfall amounts than the 24th with rainfall 
occurring through most of the day. The highest intensities, however, occurred in the 
afternoon period with the highest hourly intensity taking place at 16:00 with just over 
40 mm/h. The morning period had decreasing pressure while the afternoon had 
rapidly increasing pressure. A sharp decrease in temperature occurred as the 
pressure started rising in the afternoon. The relative humidity also increased in the 
afternoon. The wind direction changed from an easterly to a south-easterly at 16:00 
and the wind speed started rapidly increasing. Between 16:00 and 17:00, the wind 
direction was south- easterly with a wind speed increasing from less than 6 m/s to 
over 12 m/s. 
On the 26th August, the rainfall amount decreased from the previous day with no rain 
occurring for most of the day. The rainfall started late in the evening around 21:00 
and continued into the early hours of the 27th August. The higher rainfall intensities 
occurred between 02:00 and 06:00 on the 27th August. The pressure started 
decreasing in this period with the relative humidity being at 100%. The winds were 
mainly south-easterly throughout the entire day and continued into the morning of the 
27th averaging about 120°. However, the wind speed was stronger through the 26th 
August and started decreasing into the early hours of the 27th. Small spikes in the 
wind speed seemed to result in higher rainfall intensities. 
The rainfall continued to increase into the 27th with the highest rainfall intensities of 
the entire five-day period occurring between 11:00 and 15:00 with high rainfall 
intensities continuing to 18:00. The pressure had a decreasing tendency during this 
period but with slight pressure increases after 11:00. The pressure started to take on 
an increasing trend after 15:00. The temperature decreased rapidly after 11:00 and 
the relative humidity remained at 100% until after 18:00 when it decreased slightly. 
The wind direction changed at 11:00 from a south-easterly to a southerly wind and 
then moved to a south-south-westerly direction for the rest of the afternoon, 
averaging around 200°. The wind speed was strong for most of the day with a peak 
at around 09:00 in the morning. The wind speed, however, began to decrease after 
this but with a slight peak occurring between 11:00 and 12:00 to fall rapidly to a 
minimum at 13:00. After 13:00, the wind speed increased rapidly again to become 
fresh southerly. The highest rainfall intensity took place at 14:00 just as the wind 
speed increased and the wind direction changed. 
The hourly rainfall intensities are displayed in Figure 5.19 but in order to maintain the 
integrity of the study, an analysis will not be conducted for the day of the 28th August 
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due to the discrepancies in the data. The scientific interpolation used was to get a 
general idea of the rainfall distribution, specifically for the daily rainfall totals but at an 
hourly scale range, the data is not suitable to be analysed. 
 
Figure 5.19: Hourly rainfall intensity at East London WK for 24-28 August 1970. 
 
5.2.1.4 Case discussion 
This case had three distinctive synoptic patterns, which contributed to the heavy 
rainfall over the period. These were (1) a strong high pressure system to the south-
west of the country which extended a ridge along the south coast region, (2) a 
surface low pressure system over the southern interior which protruded over the 
coast and (3) a cold-cored upper air low pressure system over the central interior. 
These patterns working together are colloquially referred to as a Black South-Easter.  
The two days with the highest rainfall, namely the 25th and the 27th, both had 
pressures decreasing in the morning and then increasing in the afternoon; indeed 
their pressure signatures were very similar. The highest rainfall intensities on these 
days occurred at a wind direction change in a clockwise direction of easterly to south-
easterly or south- easterly to southerly. Both also occurred as the pressure started 
increasing together with a temperature decrease and wind speed increase. This 
would indicate then that an onshore flow, either south-easterly, southerly or south-
south-westerly at a moderate or higher wind speed, would imply high rainfall 
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did occur throughout the day with a total of 70 mm, the intensities aren’t like those 
seen on the 25th and 27th. Looking at the 12:00Z mslp maps for the 25th (Appendix 
1a) the surface trough deepened on the 25th and extended off of the coastline around 
Port Edward. On the 27th the 12:00Z mslp map (Appendix 1b) revealed that the 
surface trough extended off the coast around Durban. The key indicator then seems 
to be a wind direction change created by a synoptic forcing such as a low pressure 
system moving through the area. On the 25th, the surface low pressure extended a 
trough just off of the coast towards Port Edward, resulting in a south easterly wind 
into the East London area. This occurred with the high ridging along the south coast 
with the upper low still west of East London. On the 26th of August, the surface low 
was located north of Durban. A surface low moved out over the coastline near the 
Durban area on the 27th with the upper low just north-west of the East London area. 
The 28th also showed significantly high rainfall values and although an hourly rainfall 
analysis couldn’t be done, the synoptic analysis shows a similar pattern to the 
surface low pressure position of the 25th and 27th of August being around the Durban 
area, resulting in onshore flow behind the low pressure. The 28th also had a wind 
direction change from south-westerly to south- easterly at a moderate to fresh wind 
speed. 
5.3.2. Case 2: Port Elizabeth 01 September 1968 
 
5.3.2.1 Case overview 
The flood of Sunday, 1 September 1968 is a noteworthy flood in Port Elizabeth with 
the highest twenty-four-hour rainfall for the city in its history. The twenty-four-hour 
rainfall recorded at the Port Elizabeth airport reached 429 mm with an event total of 
455 mm from 31 August to 2 September 1968. This event was different to the East 
London 1970 case in that it was a single day event with extremely intense rainfall in a 
short period of time, rather than over a few days. Unfortunately, 11 people lost their 
lives during this flood but it is supposed that had such an event occurred on a 
working day, the death toll would have been substantially greater.  
5.3.2.2 Systems analysis 
Saturday 31/08/1968: The surface analysis (Figure 5.20) shows a surface trough 
over the north eastern parts of South Africa at 18:00Z with a high pressure system to 
the south west of the country. The upper air analysis (Figure 5.21) shows an upper 
air trough lying over the south west Cape with a temperature trough also present in 
association with the upper air trough. 
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Figure 5.20: Synoptic chart of mean sea level pressure (hPa) at 18Z on 31 August 1968. 
 
Figure 5.21: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 18:00Z on 31 August 1968. 
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Sunday 01/09/1968: In Figure 5.22, the surface analysis reveals a surface trough 
through the extreme north eastern parts of South Africa extending down to 
Mozambique. A separate low pressure system is seen on the west coast of the 
Western Cape with a high pressure lying to the south west of the country extending a 
ridge eastwards, south of the country. In the upper air (Figure 5.23) a closed low can 
be seen with a cold core thus a COL had developed over the south west Cape and 
had extended down to form the surface low there. 
 
Figure 5.22: Synoptic chart of mean sea level pressure (hPa) at 00Z on 1 September 1968. 
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Figure 5.23: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 1 September 1968. 
 
Monday 02/09/1968: The COL system had moved eastwards with the surface low 
located off of the Kwa-Zulu Natal coastline (Figure 5.24). The closed low at 500hPa 
(Figure 5.25) was located over the Eastern Cape maintaining its cold core. 
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Figure 5.24: Synoptic chart of mean sea level pressure (hPa) at 00Z on 2 September 1968. 
 
Figure 5.25: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 1 September 1968. 
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5.3.2.3  Meteorological parameters analysis 
The pressure on 31 August 1968 (Figure 5.26) shows two periods of slight decrease 
in the morning and the afternoon respectively, with a mild increase in-between these 
periods. The pressure for the day varied only slightly overall. A temperature analysis 
using Figure 5.27, showed the minimum for the entire three-day period (31 August to 
2 September) at 10 °C on the morning of 31 August. The temperature then rose to a 
maximum of 18.3 °C to also be the maximum for the entire period. The temperature 
then followed a normal diurnal cycle with a decrease towards the evening but the 
temperature started to rise again after 20:00 from 14.6 °C to 16.3 °C by hour 24. The 
relative humidity (Figure 5.28) showed a decreasing trend to a minimum of around 
75% at 11:00. It then increased into the evening as onshore south-easterly winds 
(Figure 5.29) occurred with light northerly winds preceding this. Coastal areas 
generally report higher relative humidity when the winds are onshore (moving from 
the coast onto the land). The south- easterly moved into the area at around 14:00 
SAST and the wind speed increased slightly (Figure 5.30). However, relatively light 
winds were recorded throughout the day. The pressure showed a slight increase at 
the same time that the wind turned south- easterly but began to fall between 22:00 to 
23:00 SAST, with a rising temperature, on the night of 31 August 1968. 
The pressures for the 31 August 1968 and 1 September are near identical. The 
decreasing pressure trend from the evening of 31 August continued into the early 
hours of 1 September but the pressure began to rise gradually after 04:00 and more 
rapidly after 08:00.  The pressure on 1 September also showed marginal fluctuations 
throughout the day, similar to the day before. The temperature was fairly warm 
throughout the early morning hours, especially for spring. The overall maximum for 
the day was recorded at 16.1 °C between 04:00 and 05:00. The temperature dropped 
by about 2 °C between 07:00 and 08:00 on the 1st but then rose to a small peak at 
11:00, after which the temperature decreased slightly but showed a fairly steady 
trend for the rest of the evening.  The relative humidity profile for 1 September 
remains humid throughout the day with a very slight decrease in relative humidity 
towards midday while the previous days’ profile has a marked decrease in the 
warmest part of the day. The wind was relatively light throughout the late hours of 31 
August but changed rapidly from calm conditions to a moderate easterly around 
04:00 then reverted to a light north-westerly around 06:00 am. A rapid change 
occurred between 07:00 and 08:00 as the wind turned from 320° (NW) to 120° (SE) 
and picked up from a light to a moderate wind. The temperature simultaneously 
decreased by 2 °C. The indication of wind direction changes with a northerly 
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component to a more easterly or south-easterly wind, together with slight pressure 
falls and then gradual increases. The inflow of moist south-easterly flow at the 
surface created a deep layer of moisture. From the mean sea level pressure chart at 
08:00 SAST on 1 September (Appendix 2), the surface low pressure system had just 
moved through the Port Elizabeth area. The change in the wind direction and the 
slight increase in pressure also agree that this surface low pressure moved through 
the area between 07:00 and 08:00. 
The 2nd of September saw a large pressure rise throughout the day from 1012.6 hPa 
at 01:00 to 1021.9 hPa at hour 24. Looking at the synoptic analysis, this is when the 
high pressure system, to the south west, pushed onto the coastline. The temperature 
rose gradually in the morning of the 2nd until 11:00, after which a sharp rise occurred 
to a peak for the day at 13:00 of 17.2 °C. The relative humidity also decreased 
throughout the morning with a minimum around mid-afternoon but increased towards 
the evening. The wind direction averaged 200° in the morning but turned to 160° at 
around 10:00 with a moderate wind but increasing to a strong wind around 13:00. 
 
Figure 5.26: Pressure at Port Elizabeth WK for 31 August – 2 September 1968. 
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Figure 5.27: Temperature at Port Elizabeth WK for 31 August – 2 September 1968. 
 
Figure 5.28: Relative Humidity at Port Elizabeth WK for 31 August – 2 September 1968. 
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Figure 5.29: Wind direction at Port Elizabeth WK for 31 August – 2 September 1968. 
 
Figure 5.30: Wind Speed at Port Elizabeth WK for 31 August – 2 September 1968. 
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blanket of moisture from the warm Agulhas current moved into the Port Elizabeth 
area from the south-east. Loud claps of thunder occurred during the night of 31 
August with a few downpours but the heaviest rain period occurred after 8 am on 1 
September 1968 (City of Port Elizabeth Engineer's Department, 1968). 
The daily rainfall recorded at Port Elizabeth airport can be seen in Figure 5.31 from 
08:00 SAST on 1 September 1968 to 08:00 SAST the next day. The greatest peak 
occurred in a short space of time on the morning of 1 September 1968 just after 8:00 
SAST, as seen in Figure 5.32. Of the 429 mm recorded this day, 355 mm was 
recorded between 08:00 and 12:00 SAST. That equates to an average rainfall rate of 
88.75 mm per hour, or 22.2 mm every 15 minutes. The hourly rainfall intensity chart 
in Figure 5.32 indicates high intensities of rainfall between 08:00 and 12:00 SAST 
with lower intensities until 00:00, after which the rain ceased. The commencement of 
heavy downpours at 08:00 corresponds with the wind direction change to south 
easterly at which time it is thought that the surface low pressure moved through the 
Port Elizabeth area. During the period between 08:00 and 12:00, the winds remained 
south-easterly when the rainfall was the most intense and the wind speed began to 
decrease as the winds changed to a northerly wind towards 15:00. Between 15:00 
and 17:00, the wind remained a light northerly and the rainfall intensities decreased. 
After 17:00, the winds turned to a south- westerly, at which point the rainfall intensity 
increased again but at a much gradual pace compared to the morning’s rain. 
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Figure 5.31: Daily Rainfall at Port Elizabeth WK for 1 September 1968. 
 
Figure 5.32: Hourly Rainfall Intensity at Port Elizabeth WK for 1 September 1968. 
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Figure 5.33: Rainfall Intensity between 08:00 and 12:00SAST at Port Elizabeth WK on 1 September 
1968. 
In Figure 5.33, the 15 min intervals of rainfall intensity are given in the period of the 
heaviest rain between 08:00 and 12:00 on 1 September 1968. The two highest peaks 
of rainfall intensity around 08:30 and 10:45 coincide with two peaks of wind speed 
increase in Figure 5.30. Both occur during a south-easterly wind but the highest 
intensity peak at 10:45 occurs when the wind was slightly more south-south-easterly, 
around 160° compared with 120° at 08:30. This represents an onshore flow 
component of winds coming straight from the ocean onto Port Elizabeth. 
5.3.2.4 Case Discussion 
The 1st September 1968 flood in Port Elizabeth is a notorious flood event in the city, 
especially due to the unexpected heavy rains that fell that day. The City of Port 
Elizabeth Engineer’s Department (1968) mentioned that the downpours could not 
have been predicted due to the small scale of the convective cell that produced the 
heavy rain. This convective cell size is too small to have been seen on normal 
weather charts at the time (City of Port Elizabeth Engineer's Department, 1968).   
This event had the three synoptic patterns that the previous case had, namely; a 
relatively strong ridging high along the south coast with a surface interior low 
pressure system over the central interior together with a cut-off low, located over the 
southern interior of the country. However, the ridging high indicated by a strong 
pressure increase only occurred on 2 September. Therefore, in this case, the 
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significance of the heavy rainfall on 1 September was due to the positioning of the 
surface low pressure from the interior and the upper low still being west of Port 
Elizabeth. The high rainfall intensity also resulted in flash flood conditions due to the 
short period of time that the rainfall occurred, whereas the East London 1970 case 
had consistent heavy rainfall over a few days. 
Interestingly, the 2nd September had southerly winds representing an onshore wind 
with a fresh to strong wind speed but very little rainfall occurred. The high pressure 
system at the surface had ridged along the coast but the COL was now to the east of 
Port Elizabeth. This removes the possibility of thunderstorms due to a lack of 
instability because of the positioning of the COL but heavy rain is still possible. 
Although this event was difficult to forecast, it was fortunate to have occurred on a 
Sunday when people were mostly at home. Had this event occurred on a work day, 
the fatalities would have likely been higher. 
 
5.3.3. Case 3:  East London 15-16 August 2002 
 
5.3.3.1 Case overview 
This event occurred more recently and features as the third highest twenty-four-hour 
rainfall event for the 15th August 2002. It does not, however, appear in Table 5.2 of 
the top five heaviest event rainfalls. This flood caused extensive damage to the East 
London area. A rainfall amount of 317.2 mm was recorded from 08:00 on 15 August 
2002 to 08:00 on 16 August 2002.  The harbour flooded and had to be closed. 
5.3.3.2 Systems Analysis 
Wednesday 14/08/2002: A cold front moved south of the country with a high 
pressure system located south west of the country with the high extending a ridge 
across the southern parts of the country (Figure 5.34). In the upper air (Figure 5.35) 
an upper air trough was located on the south west Cape coastline with an upper air 
temperature trough. 
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Figure 5.34: Synoptic chart of mean sea level pressure (hPa) at 00Z on 14 August 2002. 
 
Figure 5.35: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 14 August 2002. 
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Thursday 15/08/2002: The surface analysis showed the high pressure system 
intensified to 1040hPa and had moved to the south of the country around 43°S 
(Figure 5.36). The surface trough was located over the extreme north eastern parts 
of the country. The upper air trough had intensified to be almost cut-off on the south 
west Cape (Figure 5.37) with a cold core forming. 
 
Figure 5.36: Synoptic chart of mean sea level pressure (hPa) at 00Z on 15 August 2002. 
69 
 
 
Figure 5.37: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 15 August 2002. 
 
Friday 16 August 2002: The high pressure system south of the country had moved 
to the west (Figure 5.38) with a low pressure system located off of the Kwa-Zulu 
Natal coastline. A COL had developed and was located on the west coast of the 
Northern Cape with a temperature trough in a similar position (Figure 5.39). 
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Figure 5.38: Synoptic chart of mean sea level pressure (hPa) at 00Z on 16 August 2002. 
 
Figure 5.39: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 16 August 2002. 
71 
 
 
5.3.3.3 Meteorological parameters analysis 
The pressure (Figure 5.40) on 14 August 2002 rose gradually throughout the day as 
the Atlantic high pressure system ridged in behind the initial cold front. The 
temperature on the 14th August had a minimum of 9.5 °C at 03:00 then rose slightly 
but decreased again towards 06:00 to reach 9.6 °C (Figure 5.41). After this, the 
temperature increased to 14.6 °C at 14:00 and had a decreasing trend into the 
evening. The relative humidity was lowest during the day but increased rapidly into 
the evening after 15:00, as seen in Figure 5.42, which correlates with a wind direction 
change, seen in Figure 5.43, from westerly to a south-easterly/easterly wind which is 
onshore for East London.   
On 15 August, the pressure remained near steady in the early morning but began to 
decrease around 08:00 to reach a minimum pressure of 1022.9 hPa at 15:00. This 
indicates a low pressure approaching the area. The pressure then began to rise 
rapidly into the evening of 15 August and continued into mid-morning of 16 August as 
the high pressure system ridged once again into the area following a low pressure 
system. The decreasing temperature trend from the previous night (14th August) 
continued into the morning of the 15th to be around 12 °C but had a 1 °C increase 
between 01:00 and 02:00 but then decreased to 11.3 °C at 03:00 and remained 
constant until 05:00. The temperature then increased gradually to a maximum at 
15:00 of 15.1 °C. The temperature decreased slightly but remained around 14 °C for 
most of the evening and started decreasing more rapidly after 22:00. The relative 
humidity remained high around 95% throughout the day on the 15th of August. The 
average wind direction also remained easterly to south-easterly with two spikes of 
north-westerly winds but these winds were relatively light whereas the higher wind 
speeds were on easterly winds as seen in Figure 5.44. These light north-westerly 
winds didn’t seem to have an impact on relative humidity as it remained high and 
didn’t drop as is expected with an offshore wind. The low wind speed of this direction 
change seems to be the key to having little effect on the relative humidity.   
The pressure rose rapidly in the morning hours of the 16th August until 09:00, after 
which it increased more slowly to reach a maximum of 1032.6 hPa by 20:00. The 
temperature decreased to 11.8 °C at 06:00 on the 16th and then increased to 15.3 °C 
at 12:00. The temperature dropped sharply between 12:00 and 13:00 to 13.5 °C. The 
temperature then remained relatively constant averaging around 13.5 °C until 17:00, 
after which the temperature began increasing to a peak at 20:00 of 14.5 °C. The 
temperature started decreasing rapidly after 21:00 to reach 12 °C by hour 24. The 
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relative humidity during 16 August remained high until around 11:00 where it dipped 
slightly. This corresponds with a wind direction change from a southerly wind (180°) 
to a south-westerly (250°) wind which changes from an onshore wind to an along 
shore wind (parallel to the coast). The wind speed was strongest in the early morning 
but decreased throughout the morning until about 08:00 after which point the average 
wind speed was light to moderate. 
 
Figure 5.40: Pressure at East London WO for 14 -16 August 2002. 
 
Figure 5.41: Temperature at East London WO for 14-16 August 2002. 
1018,0
1020,0
1022,0
1024,0
1026,0
1028,0
1030,0
1032,0
1034,0
h
0
1
h
0
2
h
0
3
h
0
4
h
0
5
h
0
6
h
0
7
h
0
8
h
0
9
h
1
0
h
1
1
h
1
2
h
1
3
h
1
4
h
1
5
h
1
6
h
1
7
h
1
8
h
1
9
h
2
0
h
2
1
h
2
2
h
2
3
h
2
4
P
re
ss
u
re
 in
 h
e
ct
o
p
as
ca
ls
 (
h
P
a)
 
Hours of the day 
Pressure at East London WO 
14-Aug-02
15-Aug-02
16-Aug-02
8,0
9,0
10,0
11,0
12,0
13,0
14,0
15,0
16,0
h
0
1
h
0
2
h
0
3
h
0
4
h
0
5
h
0
6
h
0
7
h
0
8
h
0
9
h
1
0
h
1
1
h
1
2
h
1
3
h
1
4
h
1
5
h
1
6
h
1
7
h
1
8
h
1
9
h
2
0
h
2
1
h
2
2
h
2
3
h
2
4Te
m
p
e
ra
tu
re
 in
 D
e
gr
e
e
s 
C
e
lc
iu
s 
(°
C
) 
Hours of the day 
Temperature at East London WO 
14-Aug-02
15-Aug-02
16-Aug-02
73 
 
 
Figure 5.42: Relative Humidity at East London WO for 14 -16 August 2002. 
 
Figure 5.43: Wind Direction at East London WO for 14-16 August 2002. 
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Figure 5.44: Wind Speed at East London WO for 14-16 August 2002. 
 
Figure 5.45: Daily Rainfall at East London WO for 15 August 2002. 
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Figure 5.46: Hourly Rainfall Intensity at East London WO for 15 August 2002. 
Light rain started to ensue around 21:00 on 14 August as the winds turned to a 
south- easterly direction after the pressure had already increased. On the morning of 
15 August 2002, the rainfall began to fall more steadily with a peak towards 12:00 
during which stage the pressure was decreasing and the wind had changed to an 
easterly direction. The wind speed (Figure 5.44) had also increased on the easterly 
wind. Around 15:00 to 20:00, very little rainfall was recorded, as seen in Figure 5.45 
and Figure 5.46 and the pressure gradually rose during this period. The winds had 
changed direction in this period and spiked from a north-westerly wind to an easterly 
but with very low speeds which indicated the winds to likely be light and variable. 
When the wind began to pick up speed again and changed to a southerly to south-
easterly wind, the rain started to increase again. A very large peak in the rainfall 
occurs in Figure 5.46 at 00:00 when the wind speed increased to around 11.5 m/s 
and changed from a south-easterly to a southerly flow but the temperature remained 
fairly constant. The wind also began rising after 00:00 and continued to rise into the 
early morning of 16 August. Between 00:00 and 06:00 on 16 August was the highest 
rainfall peak where around 240-250 mm fell. This averages at between 40-42 mm/h 
at which time the wind speed was the highest on a south-south- westerly direction 
around 210-220°. 
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5.3.3.4 Case Discussion 
This event was also a flash flood case of high rainfall peaks occurring in a short 
period of time. The development of a surface low decreased the pressure on 15 
August and caused a tight pressure gradient between the surface low and high 
pressure system in the late afternoon with onshore winds (Appendix 3).  These 
onshore winds were of a stronger speed and therefore, moist air from the Indian 
Ocean was advected into the area during an already humid day. The heaviest rains 
occurred from 12:00 SAST on 15 August with high rainfall intensities at 00:00 SAST 
on 16 August. The upper air low was still located north-west of East London thereby 
being in the unstable area east of the upper air low pressure system. 
  
5.3.4. Case 4: Port Elizabeth 24-26 March 1981 
 
5.3.4.1 Case overview 
The event of 24-26 March 1981 resulted in flooding in the Port Elizabeth area. This 
event ranked fourth on the twenty-four-hour rainfall events in Table 5.1 with a twenty-
four-hour rainfall of 274 mm measured at Groendal Bos. The event rainfall ranked 
third from the top in Table 5.2 with an event total of 460 mm recorded at Port 
Elizabeth Cotswold station.  These floods were known as the biggest floods to hit 
Port Elizabeth since the 1968 floods. 
 
5.3.4.2 Systems analysis 
Tuesday 24/03/1981: A cold front system was approaching the Cape Town area with 
a coastal low moving along the east coast of the Eastern Cape (Figure 5.47). In the 
upper air (Figure 5.48) a steep trough was located south west of the country with a 
cold core coinciding with the trough. 
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Figure 5.47: Synoptic chart of mean sea level pressure (hPa) at 00Z on 24 March 1981. 
 
Figure 5.48: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 24 March 1981. 
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Wednesday 25/03/1981: The cold front moves eastwards away from the country with 
the Atlantic Ocean high pressure system moving in behind it to be located to the 
south west of the country (Figure 5.49). A low pressure system was located off of 
Port St Johns a 00:00Z. The upper air trough had become a cut-off low off of the 
west coast of the Western Cape (Figure 5.50). 
 
Figure 5.49: Synoptic chart of mean sea level pressure (hPa) at 00Z on 25 March 1981. 
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Figure 5.50: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 25 March 1981. 
 
Thursday 26/03/1981: The surface analysis (Figure 5.51) shows that the Atlantic 
Ocean high pressure system was still located south west of the country but extended 
a ridge to the south east which increased the pressure gradient along the south 
coast. A low press system was located off of the East London coastline at 00:00Z. 
The COL was located over the central interior of the Northern Cape (Figure 5.52). 
The COL had weakened as is seen in the geopotential heights from a core of 
5640gpm the previous day to 5730gpm. This weakening can also be seen in the 
increase of the upper air temperature at 500hPa from -18 °C to -15 °C. 
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Figure 5.51: Synoptic chart of mean sea level pressure (hPa) at 00Z on 26 March 1981. 
 
Figure 5.52: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 26 March 1981. 
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5.3.4.3 Meteorological parameters analysis 
On the 24th March 1981, the pressures increased gradually throughout the day 
(Figure 5.53). The temperature (Figure 5.54) started off fairly warm around 20 °C and 
decreased into the early morning to a minimum of 18.6 °C at 06:00. The temperature 
then gradually increased to 22.7 °C at 14:00 and then decreased slowly for the rest 
of the evening. The relative humidity at Port Elizabeth WK in Figure 5.55, followed a 
fairly normal decrease in relative humidity towards midday when it was the driest and 
then increased towards the evening but with a sharp increase after 15:00. The wind 
direction was a southerly wind between about 180-210° for most of the day on the 
24th March (Figure 5.56). Around 19:00, the wind rapidly changed directions and the 
wind can be seen varying between northerly and southerly wind directions but in 
Figure 5.57, it can be seen that at the same time the winds are decreasing in 
strength and once again there was a light and variable situation. The wind speed, 
however, increased significantly at 22:00 on a south westerly wind. 
On the 25th the pressure remained fairly constant, except towards the evening where 
the pressure started to decrease rapidly. The temperature started off at 17.1 °C and 
increased very slowly to a maximum at 21:00 and 22:00 at 20.2 °C. The late 
maximum doesn’t follow diurnal cycles and other factors must be at play. The 
temperature did, however, start to decrease after 22:00 but marginally by about one 
degree in an hour. The relative humidity continued to increase from the previous day 
into the 25th and remained high at about 97% through most of the day. The wind 
gradually decreased in strength into the morning of the 25th and returned to a slightly 
more southerly wind. After about 14:00, there was a rapid wind direction change to a 
northerly wind again, where the wind became calmer, until about 16:00 at which point 
the wind speed increased and the wind direction changed to a north-westerly and 
then to a south-easterly wind. The wind through the evening then on the 25th was a 
moderate to fresh south-easterly wind. The pressure started decreasing between 
18:00 and 20:00 when the wind was onshore. The pressure then spiked between 
20:00 and 21:00 and then began to decrease again. 
The trend of decreasing pressure continued into the morning of the 26th March until 
about 06:00 SAST, after which the pressure rose rapidly for the rest of the day. The 
temperature continued to decrease from the previous night into the early hours of the 
26th when the minimum was reached at 05:00 at 12.9 °C. The temperature increased 
rapidly to 16.7 °C at 08:00, which was the maximum for the day and then decreased  
steadily for the remainder of the day. The relative humidity decreased slightly in the 
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early morning hours but increased again after 03:00. In the early hours of 26th March, 
the wind direction turned to a north westerly wind and the wind speed began to 
increase. Between 05:00 and 08:00, the wind direction changed from a westerly wind 
to a southerly wind. The wind speed also increased to be very strong on the 
southerly wind. This wind speed and direction change correlated with a sharp 
pressure rise as the high pressure system ridged in behind the surface low off of the 
coastline as seen in Figure 5.51. 
 
 
Figure 5.53: Pressure at Port Elizabeth WK for 24 -26 March 1981. 
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Figure 5.54: Temperature at Port Elizabeth WK for 24-26 March 1981. 
 
Figure 5.55: Relative Humidity at Port Elizabeth WK for 24-26 March 1981. 
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Figure 5.56: Wind Direction at Port Elizabeth WK for 24-26 March 1981.  
 
Figure 5.57: Wind Speed at Port Elizabeth WK for 24-26 March 1981. 
Looking at the rainfall figures, light rain began to fall on the evening of the 24th March 
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shown in Figure 5.58. The largest increase in the rainfall is seen in the evening 
period after 20:00 into the early hours of the 26th. 
Concerning the rainfall on the 25th of March, a notable increase can be seen 
throughout the morning after 08:00, as seen in Figure 5.59. The hourly rainfall 
intensity graph peaks in four different periods: firstly, between 08:00 and 14:00 where 
the rainfall gradually increased; secondly, between 17:00 and 19:00; thirdly, between 
21:00 and 00:00 into the early morning of the 26th March and lastly, the period 
between 05:00 and 07:00. 
During the first period between 08:00 and 14:00, the rainfall gradually increased per 
hour but the pressure remained fairly constant with minor changes between 1012 
and 1013 hPa. The wind was southerly to south-easterly and fairly moderate in 
speed. The rainfall intensity decreased rapidly after 14:00 as the wind direction 
changed to a northerly wind. 
The second period between 17:00 and 19:00 had a wind direction change from north- 
westerly to south-easterly. Once the wind changed direction to a south-easterly, the 
rainfall intensity increased rapidly. The south-easterly wind also increased in speed 
from the near calm north-westerly preceding this. The pressure remained steady 
between 17:00 and 18:00 and then began to decrease towards 20:00. 
The pressure rose between 20:00 and 21:00 with a rise of nearly 2 hPa in the hour. 
But after 21:00 the pressures began to fall again. The temperature was at a 
maximum during this period which is peculiar at night. The wind direction was still 
south-easterly as the rain started and there wasn’t a major change in wind direction 
as the rain ensued. The wind speed, however, spiked during the third period on the 
south-easterly wind. This wind speed increase would correspond with the rapid 
pressure increase and potential higher temperatures. 
Lastly, the early morning period of the 26th March between 05:00 and 07:00, saw the 
largest increase with 56.5 mm recorded during the 05:00 to 06:00 hour. The pressure 
decreased during this period and began to rise after 07:00. The relative humidity had 
been rising rapidly from 03:00 before this period. The wind direction changed from 
westerly to a southerly wind during the rainfall period. The wind speed also increased 
from approximately 12.5 m/s to 18 m/s. 
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Figure 5.58: Daily rainfall at Port Elizabeth WK on 25 March 1981. 
 
Figure 5.59: Hourly rainfall intensity at Port Elizabeth WK for 25 March 1981. 
 
5.3.4.4 Case Discussion 
This case showed similarities to all the cases that have been discussed so far. The 
three key factors of an upper low lying west of the flood area, together with a ridging 
0
50
100
150
200
250
0
8
:0
0
0
9
:0
0
1
0
:0
0
1
1
:0
0
1
2
:0
0
1
3
:0
0
1
4
:0
0
1
5
:0
0
1
6
:0
0
1
7
:0
0
1
8
:0
0
1
9
:0
0
2
0
:0
0
2
1
:0
0
2
2
:0
0
2
3
:0
0
0
0
:0
0
0
1
:0
0
0
2
:0
0
0
3
:0
0
0
4
:0
0
0
5
:0
0
0
6
:0
0
0
7
:0
0
0
8
:0
0
R
ai
n
fa
ll 
in
 m
ill
im
e
tr
e
s 
(m
m
) 
Time 
Daily Rainfall at Port Elizabeth WK 
25-Mar-81
0
10
20
30
40
50
60
0
8
:0
0
0
9
:0
0
1
0
:0
0
1
1
:0
0
1
2
:0
0
1
3
:0
0
1
4
:0
0
1
5
:0
0
1
6
:0
0
1
7
:0
0
1
8
:0
0
1
9
:0
0
2
0
:0
0
2
1
:0
0
2
2
:0
0
2
3
:0
0
0
0
:0
0
0
1
:0
0
0
2
:0
0
0
3
:0
0
0
4
:0
0
0
5
:0
0
0
6
:0
0
0
7
:0
0
0
8
:0
0
R
ai
n
fa
ll 
in
 m
ill
im
e
tr
e
s 
(m
m
) 
Time 
Hourly Rainfall Intensity at Port Elizabeth WK 
25-Mar-81
87 
 
high pressure system at the surface as well as a surface trough extending out onto 
the coastline are highlighted. The day that had the heaviest rainfall (25th March) was 
also the day when the surface trough extended onto the coastline to be north of East 
London (Appendix 4A), bringing moderate to fresh south-easterly winds into the area 
during the high rainfall intensity periods. When the wind was no longer south-
easterly, a decrease in the rainfall intensity occurred. This event also saw high 
rainfall intensities occur before the pressure rose greatly and therefore, before the 
high pressure system ridged in. However, the last period between 05:00 and 07:00 
was right on the cusp of the high ridging in as low level winds fed moisture onto the 
land to produce intense rainfall (Appendix 4B).  
 
5.3.5. Case 5: East London 05-07 November 2005 
 
5.3.5.1 Case overview 
This case is somewhat different from the other cases that have been analysed 
because it occurred in November. Most of the other cases were in the transitional 
seasons of autumn and spring, whereas this case is in early austral summer. 
Engelbrecht et al. (2015) noted November as the month that TTTs  had the highest 
frequency together with COLs to produce rainfall along the Cape south coast. This 
case was the flooding event in Table 5.1 that had the fifth highest twenty-four-hour 
rainfall and did not feature in the top five heavy rainfall events in Table 5.2. 
5.3.5.2 Systems analysis 
Saturday 05/11/2005: The surface analysis reveals a TTT linking from the low 
pressure system over northern Botswana to a mid-latitude depression off of the east 
coast of Kwa-Zulu Natal (Figure 5.60). A high pressure system exists to the south 
west of the country extending a ridge eastwards. The upper air analysis (Figure 5.61) 
reveals a steep upper air trough located over the south western parts of the Western 
Cape in conjunction with a temperature trough at 500hPa. 
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Figure 5.60: Synoptic chart of mean sea level pressure (hPa) at 18Z on 5 November 2005. 
 
Figure 5.61: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 18:00Z on 5 November 2005. 
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Sunday 06/11/2005: The Atlantic Ocean high pressure system had ridged in along 
the south coast of the country with the TTT moving eastwards (Figure 5.62). The 
upper air analysis (Figure 5.63) shows the steep upper air trough to have remained 
stationary compared to the previous days analysis. 
 
Figure 5.62: Synoptic chart of mean sea level pressure (hPa) at 00Z on 6 November 2005. 
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Figure 5.63: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 6 November 2005. 
Monday 07/11/2005: The mean sea level pressure map (Figure 5.64) revealed the 
Atlantic Ocean high pressure system was still located far south west of the country 
but a low pressure system had formed off of the Kwa-Zulu Natal coastline thereby 
increasing the pressure gradient into the Eastern Cape. The upper air (Figure 5.65) 
showed a closed low at 500hPa with a cold core over the Port Elizabeth area and 
can be concluded as a COL. 
 
91 
 
 
Figure 5.64: Synoptic chart of mean sea level pressure (hPa) at 00Z on 7 November 2005. 
 
Figure 5.65: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 7 November 2005. 
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5.3.5.3 Meteorological parameters analysis 
The pressure graph (Figure 5.66) shows that the pressure rose substantially after 
16:00 on the 5th November with a rise of three hectopascals. The pressure then 
remained high but stable throughout the evening. The temperature, in Figure 5.67, 
started off at around 12.5 °C and gradually increased for the day. The maximum was 
reached at 16:00 at 15.9 °C, after which the temperature decreased to about 13.8 °C 
by 18:00. The relative humidity rose rapidly after 16:00 by about 20%, as seen in 
Figure 5.68. This coincided with the pressure rise at the same time. The relative 
humidity then decreased after 21:00. The wind direction on 5 November 2005 went 
from a south-westerly to a south-easterly direction throughout the day but a sudden 
change occurred at 16:00 when the wind changed from south-easterly back to a 
south-westerly (Figure 5.69). This is the same time that the pressure rose and the 
relative humidity also increased. The wind then returned to a south-easterly direction 
for the remainder of the evening. The wind speed, seen in Figure 5.70, was relatively 
moderate throughout the day, varying between 2 and 4 m/s. 
The pressure on the 6th November tended to decrease after 10:00. The pressure 
then rose again after 17:00 into the evening. The temperature continued to decrease 
from the previous night to 12.3 °C at 05:00 on the 6th November and then gradually 
increased to 14.9 °C at 16:00. The temperature then decreased but increased again 
at 19:00 to 15.0 °C. After 19:00, the temperature declined gradually. The relative 
humidity began to increase in the morning and remained between 90 and 95% for the 
majority of the day. The winds varied in direction in the early hours of the morning. 
After 06:00, the wind direction changed from a south-easterly to a south-westerly and 
the wind speed also increased on the south-westerly wind. The wind gradually 
changed direction to south- easterly and then to easterly at a moderate wind speed. 
The wind speed began to decrease after 15:00 up to 17:00 on a light north-easterly 
wind. However, after 17:00, the wind direction changed more than 180° from 50° 
(NE) to 240° (SW) between 17:00 and 18:00. The wind speed also started to pick up 
from 1.5 m/s at 17:00, reaching a peak of 9.5 m/s at 21:00. 
The pressure decreased slightly into the early hours between 02:00 and 04:00 on the 
7th of November but thereafter, began to rise and continued to rise for the rest of the 
day. Three temperature peaks occurred during the 7th of November.  The 
temperature decreased to 12.7 °C at 05:00 on the 7th and then increased to 16.2 °C 
at 10:00 during the first peak. The first peak occurred at 10:00, as previously 
93 
 
mentioned, then at 12:00 with 18.0 °C and lastly at 16:00 with 18.4 °C. After 16:00, 
the temperature declined rapidly. These peaks are probably influenced by wind 
changes, which will be investigated later in this case. The relative humidity remained 
high into the early hours of the 7th of November. However, the relative humidity 
began to decrease after 08:00 and continued to decrease throughout the afternoon.  
The relative humidity rose sharply after 19:00 onwards. The wind remained fairly 
southerly throughout the early hours of the morning, varying between 210° and 180° 
at a wind speed between 4 and 6 m/s until 08:00. After 08:00, the wind changed 
direction to a westerly at 260° but returned back to a south-south-westerly at 10:00 
and continued until 19:00. After 19:00, the wind direction gradually changed to a 
south-westerly and then to a north-westerly. It was mentioned earlier that the 
temperature fluctuated at 10:00, 12:00 and 16:00. The temperature probably 
increased to a peak at 10:00 as the wind was westerly before this, which is an 
offshore wind. The wind direction then changed to south-south-westerly after 10:00, 
which could have caused the temperature decrease as it’s a more onshore wind 
which is naturally cooler off the ocean. The two other temperature peaks aren’t really 
explained by the wind direction. The temperature peak at 12:00 coincided with a 
slightly lower wind speed but the 16:00 peak coincided with a wind speed increase. 
 
Figure 5.66: Pressure at East London WO for 5-7 November 2005. 
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Figure 5.67: Temperature at East London WO for 5-7 November 2005. 
 
 
Figure 5.68: Relative humidity at East London WO for 5-7 November 2005. 
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Figure 5.69: Wind direction at East London WO for 5-7 November 2005. 
 
 
Figure 5.70: Wind speed at East London WO for 5-7 November 2005. 
 
In Table 5.1, it can be seen that the day that recorded the highest twenty-four-hour 
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08:00 on 7 November is shown in Figure 5.71. The daily rainfall recorded at East 
London WO was just over 160 mm in the twenty-four-hour period. The biggest 
accumulated increase in the daily rainfall occurred in the evening of 6 November into 
7 November. 
In Figure 5.72, the hourly rainfall intensity during the same period as the daily rainfall 
graph can be seen. The highest rainfall intensity hour was between 17:00 and 18:00 
on 6 November with a peak at 30 mm. The temperature also decreased slightly in 
that time. The rain persisted but at a decreasing rate from 18:00 to 00:00. This high 
rainfall peak at 18:00 corresponded with a slight rise in pressure but more distinctly 
with a change in wind direction and speed. At that time the wind changed around 
from a north-easterly wind to a south-westerly wind of about 240°. The wind speed 
also began to increase after 18:00. The swing of the wind from a north-easterly to a 
south-westerly seems to imply a localized surface low pressure moving through the 
area.  
Another peak was reached at 02:00 on 7 November of around 15 mm and the rain 
continued but tapered off towards 08:00. The pressure decreased slightly during this 
hour and wind speed also decreased slightly. The wind changed direction slightly 
from 210° at around 00:00 to 180° at 02:00 when the heavy rainfall intensity peaked 
again. 
 
Figure 5.71: Daily rainfall at East London WO for 6 November 2005. 
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Figure 5.72: Hourly rainfall intensity at East London WO for 6 November 2005. 
 
5.3.5.4 Case Discussion 
This case started off as a TTT and occurred with a steep upper air trough which later 
developed into a COL by 00:00Z on the 7th of November 2005. This COL existed 
west of the flood area with a ridging high pressure system along the south coast. The 
heaviest rainfall occurred in the evening of the 6th November at 18:00 SAST as the 
pressure gradient increased between a surface low off the Kwa-Zulu Natal coast and 
the high pressure system to the south west (Appendix 5). High rainfall intensities also 
occurred at 00:00Z on 7th November and similar tight pressure gradients are seen on 
the surface chart for that time (Figure 5.64). The timing of this system, in early 
summer, caused more tropical air to be in circulation, which could have increased the 
moisture availability and sea surface temperatures. The highest rainfall peak 
coincided with the gradual rise in pressure, however, most distinctly the higher 
intensity occurred at the same time as a wind direction change from north-easterly to 
south-westerly as a surface low pressure system seemed to have progressed 
through the area on the evening of the 6th of November.  
 
 
 
0
5
10
15
20
25
30
35
0
8
:0
0
0
9
:0
0
1
0
:0
0
1
1
:0
0
1
2
:0
0
1
3
:0
0
1
4
:0
0
1
5
:0
0
1
6
:0
0
1
7
:0
0
1
8
:0
0
1
9
:0
0
2
0
:0
0
2
1
:0
0
2
2
:0
0
2
3
:0
0
0
0
:0
0
0
1
:0
0
0
2
:0
0
0
3
:0
0
0
4
:0
0
0
5
:0
0
0
6
:0
0
0
7
:0
0
0
8
:0
0
R
ai
n
fa
ll 
in
 m
ill
im
e
tr
e
s 
(m
m
) 
Time 
Hourly Rainfall Intensity at East London WO 
06-Nov-05
98 
 
5.3.6. Case 6: Gamtoos/Sunday’s River 28-31 December 1931 – 01 January 
1932 
 
5.3.6.1 Case overview  
This case ranked second highest on the event rainfall table (Table 5.2) with an event 
total of 578 mm. 
However, the case did not rank in Table 5.1 of the highest twenty-four-hour rainfall. 
This event seems to then have been a large amount of rain over a few days. 
The report for the years 1931-1932 from the Meteorological office reported above 
normal rainfall for the southern coastal areas in excess of 25 percent above normal 
for the year 1931. This was to some extent due to the four days of heavy rainfall and 
floods experienced at the end of December 1931 (Union of South Africa, 1935). 
“These floods deserve special mention here, as they were perhaps the heaviest and 
most disastrous yet experienced in South Africa over so extensive an area.” (Union 
of South Africa, 1935:vi). 
According to the Union of South Africa (1935), the heaviest rainfall was recorded in 
the Western Cape south coast districts which fall outside of the study area but a 
significant amount of eight inches (203 mm) fell at Otterford Bos station, between 
Patensie and Port Elizabeth in the western parts of the study area, in a single day. 
The event total of 578 mm over five days was exceptional and resulted in damage to 
crops and bridges being washed away. The heaviest rainfall occurred on the slopes 
of the mountain ranges, especially the southern ranges near the coast. 
5.3.6.2 Synoptic Analysis 
Daily weather bulletins and synoptic chart analyses only began to be recorded, by 
the then South African Weather Bureau, from 1937 and were, therefore, unavailable 
for this case. NCEP/NCAR reanalysis 1 data was only available from 1948. 
5.3.6.3 Meteorological parameters analysis 
Due to this case being in the early 1930’s, only daily wind and rainfall was recorded. 
Wind was only recorded in two points in the Eastern Cape. The first station was 
located at the Great Fish Point and the second station was located at Cape St 
Francis. Cape St Francis does not fall into the study area but the floods that occurred 
in this event occurred in the Gamtoos River valley and in the Sunday’s River valley, 
therefore, Cape St Francis was the closest station available to the flood areas when 
compared to the station at the Great Fish Point. Daily winds and rainfall were 
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recorded at 08:00 SAST during the flood period.  Having worked primarily with hourly 
data, it is understood that wind recorded on a daily basis reveals very little about the 
synoptic or even mesoscale dynamics, however, it has been seen in previous cases 
that the wind direction plays a significant role in the rainfall amounts and therefore, 
the daily wind can be seen in Table 5.4 below. 
Table 5.4: Wind direction and wind speed at Cape St Francis for 28 December 1931 to 01 
January 1932 
Date Average Wind Direction in 
Degrees 
Average Wind Speed in 
m/s 
28 December 1931 90 5.1 
29 December 1931 270 8.2 
30 December 1931 130 8.2 
31 December 1931 130 1.5 
01 January 1932 270 3.1 
 
Table 5.4 reveals a predominantly easterly and south-easterly wind regime over the 
flood days in this event. The only days that showed westerly winds were on the 29th 
December and 1st January 1932. A theory that could be deduced is that a low 
pressure trough extended off of the south-east coast bringing in an easterly wind into 
Cape St Francis on the 28th December. The wind then changed westerly on the 29th 
December, implying a low approaching from the west such as a cold front or coastal 
low and the wind changing and maintaining a south-easterly flow for the 30th and 31st 
December could correspond with a low pressure system moving through the area 
and the high ridging in behind the cold front. The wind returned back to a westerly on 
the 1st January. While theories of the synoptic scale systems could be assumed, a 
lack of data renders these theories inadequate in this case. 
Daily rainfall was recorded at Port Elizabeth VRT (vuurtoring – lighthouse) station 
during these years. Table 5.5 shows the daily rainfall recorded at the station for the 
period of 28 December 1931- 1 January 1932. The highest rainfall occurred on the 
31st December 1931. This rainfall distribution shows fairly good rainfalls for four 
consecutive days, which may have led to the floods. This indicates that it was the 
accumulation of the rainfall that may have caused the floods. 
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Table 5.5: Daily rainfall amounts recorded at Port Elizabeth VRT station. 
Date Daily Rainfall (mm) 
28 December 1931 1.8 
29 December 1931 31 
30 December 1931 38.1 
31 December 1931 44.5 
01 January 1932 34.3 
Total 149.7 
 
Taking both the wind and rainfall data into consideration may elude to some 
conclusions, however, both being recorded at different stations is perhaps inaccurate 
to compare. However, due to a lack of data, it is the only data the researcher can 
compare. Thus, conclusions will not be completely dependable.  
On the 28th December 1931, 1.8 mm of rainfall was recorded with a moderate 
easterly wind. On the 29th December, 31 mm of rain was measured with a fresh 
westerly wind. The 30th December saw 38.1 mm with a fresh south-easterly wind. 
The heaviest rainfall was recorded on the 31st December when a light south-easterly 
wind occurred. Finally, on the 1st January 1932, 34.3 mm was recorded on a light 
westerly wind. 
According to the Meteorological Report (Union of South Africa, 1935), heavy rains in 
the range of one to three inches (25-76 mm) were recorded for mainly the southern 
districts on the 28th December, west of Port Elizabeth. On the 29th, however, even 
heavier falls occurred with most stations recording 3 to 5 inches (76-127 mm) with 
Otterford Bos reaching the maximum of 8 inches (203.2 mm). Otterford Bos is in the 
western parts of the study area close to Patensie and near to the Gamtoos River. 
By the 30th December, the rainfall was less intense but the heaviest rainfall of the 
entire period fell on the 31st of December with several stations in the south Cape 
receiving over ten inches (254 mm). These stations were, however, west of the study 
area. The rainfall intensity decreased again on the 1st January. 
The days with the heaviest rainfall were the 29th December and the 31st December. 
This corresponds, from Table 5.4, to a westerly wind on the 29th and a south-
easterly wind on the 31st. The westerly wind seems surprising to coincide with heavy 
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rainfall, however, the researcher would like to point out that the wind was westerly at 
08:00 SAST and as previously mentioned, the wind direction could have changed as 
a low pressure system moved through. From the other cases, it has been seen that 
the high rainfall intensities occurred as the surface low pressure moved through an 
area on the leading edge of the high pressure system. Therefore, perhaps later in the 
day on the 29th December, a surface low moved through and resulted in high rainfall 
intensities. The wind was south-easterly on the 31st December which could have 
aided the heavier rainfall intensities. 
5.3.6.4 Case Discussion 
Interestingly, this case takes place very late in the year, in mid-summer, compared to 
the other cases. It is unfortunate that no synoptic analysis could be given. A pressure 
analysis would potentially also help greatly in trying to determine the surface synoptic 
systems. Only a very rudimentary discussion can then be drawn without the other 
meteorological parameters. This case had rain for approximately five days, which 
lead to a high event rainfall amount. The two days with the heaviest rainfall were the 
29th and 31st December. No real conclusions can be made using a wind direction at 
a single time of the day as many factors could change throughout the day. Also- 
there is no confirmation of any upper air systems in play due to a lack of upper air 
observations at this time. 
 
5.3.7. Case 7: Patensie/ Port Elizabeth 24-27 July 1983 
 
5.3.7.1 Case overview 
This case didn’t feature in Table 5.1 with the highest twenty-four-hour rainfall but did 
feature at fifth place on the event rainfall table. The event had a total of 428 mm for 
the four-day period and this was recorded at Otterford Bos near Patensie. Floods 
were recorded in Patensie/ Gamtoos River, Port Elizabeth and East London. Several 
people died in these floods. 
The surface data analysis could not be conducted at Otterford Bos where the highest 
event rainfall occurred as hourly data was not received from that station at the time. 
Therefore, the closest station to Otterford Bos that did record hourly data was Port 
Elizabeth WK. The surface data analysis will thus be conducted for Port Elizabeth 
WK for the four-day period. 
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5.3.7.2 Synoptic analysis 
Sunday 24/07/1983: A surface trough existed through the central parts of South 
Africa at 00:00Z on 24 July 1983 (Figure 5.73). A strong high pressure system was 
located south of Cape Town with a centre at 42°S extending a ridge to the north east. 
The upper air analysis (Figure 5.74) revealed an upper air trough off of the west 
coast of the Western Cape. A temperature trough is also present in the upper air 
trough. 
 
Figure 5.73: Synoptic chart of mean sea level pressure (hPa) at 00Z on 24 July 1983. 
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Figure 5.74: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 24 July 1983. 
Monday 25/07/1983: A surface trough deepened through the central interior of the 
country with a low pressure system located over the Free State (Figure 5.75). The 
high pressure system intensified from 1036hPa the previous day to 1040hPa on the 
25th of July at 00:00Z. This high pressure system also moved further eastwards to be 
located south of Port St Johns at 41°S. The upper air revealed a steep upper air 
trough over the Western Cape slightly further east compared to the previous day. 
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Figure 5.75: Synoptic chart of mean sea level pressure (hPa) at 00Z on 25 July 1983. 
 
Figure 5.76: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 25 July 1983. 
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Tuesday 26/07/1983: A COL had developed from the deepening of the upper air 
trough and had moved off of the East London area at the surface (Figure 5.77) 
however the upper low was located over the northern parts of the Eastern Cape 
(Figure 5.78). The high pressure system had continued to move eastwards to be 
located in the Indian Ocean and had moved slightly further north to be at 40°S. The 
COL moving along the east coast of the Eastern Cape together with the high 
pressure system to the south east caused a tight pressure gradient at the surface to 
flow onto the south coast of the country. 
 
Figure 5.77: Synoptic chart of mean sea level pressure (hPa) at 00Z on 26 July 1983. 
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Figure 5.78: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 26 July 1983. 
Wednesday 27/07/1983: The COL moved south eastwards with the surface low 
being extended off of the Wild Coast of the Eastern Cape (Figure 5.79). The COL 
has weakened as the core temperature had gotten slightly warmer compared to the 
previous day (Figure 5.80). The high pressure system over the Indian Ocean had 
moved further east and the Atlantic Ocean high pressure system was located south 
west of Cape Town. A tight pressure gradient can still be seen along the south coast 
of the country behind the COL.  
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Figure 5.79: Synoptic chart of mean sea level pressure (hPa) at 00Z on 27 July 1983. 
 
Figure 5.80: Geopotential heights at 500hPa in black contours with 500hPa temperature in 
dotted contours as well as shading with warmer temperatures in red and colder temperatures in 
blue at 00:00Z on 27 July 1983. 
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5.3.7.3 Meteorological parameters analysis 
As mentioned above, the meteorological analysis will be conducted using the Port 
Elizabeth WK station and not Otterford Bos where the highest event rainfall occurred. 
However, Table 5.6 below shows the rainfall distribution across stations between 
Otterford Bos and surrounding Port Elizabeth. For three of the stations, excluding 
Otterford Bos, the two highest rainfall days were the 24th and 25th July but at 
Otterford Bos the highest rainfall days were 25th and 26th July. The rainfall amounts 
were also significantly higher at Otterford Bos on the 25th and 26th, compared to the 
rainfall received at any other station on any of the days. 
Table 5.6: Rainfall measured in millimetres at stations between Patensie and Port Elizabeth 
for 24-27 July 1983. 
Date Port Elizabeth 
WK 
Port Elizabeth 
Cotswold 
Otterford Bos Patensie 
24 July 
1983 
52.7 83 72.5 23 
25 July 
1983 
48 72.6 128 85 
26 July 
1983 
29 32 157 22.5 
27 July 
1983 
28.3 25 71 9.5 
 
The pressure in Figure 5.81 on the 24 July showed a decreasing trend especially 
from mid-morning and stabilised after 14:00 into the evening until 18:00, at which 
stage the pressure rose slightly. The temperature increased gradually throughout the 
morning but then decreased to a local minimum at 09:00 (Figure 5.82). After this, the 
temperature increased to 16:00 with a maximum at 13.7 °C until another local 
minimum occurred at 20:00 at 12.9 °C. Interestingly, the temperature increased after 
this with the maximum of the day occurring at 23:00 at 13.9 °C. The relative humidity 
in Figure 5.83 started increasing after 06:00 while the pressure was decreasing. The 
relative humidity remained fairly high throughout the rest of the day, averaging 
around 95%. The wind direction (Figure 5.84) indicated the wind remained at a 
constant direction throughout the day. This direction was easterly and an onshore 
wind for Port Elizabeth, hence the high relative humidity. The wind speed in Figure 
5.85 started off moderate but picked up in speed throughout the day reaching strong 
speeds with a peak at 00:00 on 25 July at 14 m/s. 
109 
 
The pressure began to decrease slightly into the morning of 25 July 1983 but 
stabilised until about 10:00, at which stage the pressure began to decrease more 
rapidly continuing throughout the day. The temperature on the 25th remained fairly 
steady throughout the day, remaining between 13 to 14 °C. The temperature did, 
however, decrease after 15:00 reaching a minimum at 12.6 °C at 18:00. The relative 
humidity remained between 90 and 95% most of the day with a decrease to 85% at 
15:00 after which the relative humidity increased rapidly to be above 95% for most of 
the evening. The wind direction was still easterly throughout the morning of the 25th 
but after 08:00 the wind direction turned more south-easterly and remained between 
100-150° for the rest of the day. The wind speed started decreasing throughout the 
early hours of the morning from the peak at 00:00 with a minimum at 08:00 at 8 m/s. 
After 08:00, the wind direction changed and the speed also began to increase but 
increased steadily until 17:00 at which point the wind speed increased rapidly to a 
maximum of 15 m/s. This was the highest wind speed recorded during the four-day 
period. At 20:00, the wind speed began to decrease. 
The pressure which was decreasing on the 25th continued to decrease into the 
morning of the 26th until 09:00 where the pressure was about 1014 hPa. A slight rise 
in the pressure occurred between 09:00 and 12:00 but then began to decrease 
slightly to about 16:00 after which the pressure began to rise again slowly. The 
pressure was at a minimum for the four-day period at 1014 hPa at 14:00 on the 26th. 
The temperature increased throughout the morning to reach a local maximum at 
10:00 at 16.0 °C but with a local minimum occurring at 11:00 at 15.1 °C after which 
the temperature increased again.  The maximum for the day was reached at 15:00 at 
17.1 °C after which the temperature decreased into the evening. Interestingly, the 
temperature started to rise after 19:00 and then steadied for the rest of the evening 
around 16.7 °C. The relative humidity averaged around 95% for the day but at 14:00 
the relative humidity decreased slightly with a greater decrease after 20:00. The 
relative humidity decreased sharply between 20:00-23:00 but then increased rapidly 
between 23:00 and 24:00. The wind direction was southerly for the majority of the 
day but went northerly at 18:00 and returned back to a southerly to south-south-
westerly at 19:00. The wind speed was decreasing until about 06:00 and then it 
increased from around 10 m/s to 14 m/s by 09:00 at the peak in the wind speed for 
the day. The wind speed decreased sharply in different time segments during the day 
until 18:00 at which point it was calm on the northerly wind. The wind direction 
change to southerly/south-south-westerly caused an increase in the wind speed 
again to reach 11 m/s at 24:00. 
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On the 27th July, the pressure began to rise after about 06:00 until 10:00 after which 
it remained relatively stable until 14:00. The pressure then continued to rise after 
14:00 into the evening. The 27th had the warmest morning period for the entire four-
day period with a morning minimum of 15.4 °C occurring at 03:00. The temperature 
increased to reach a maximum of 18.1 °C at 12:00 but then the temperature 
decreased rapidly until 19:00 after which it stabilised. The minimum at 19:00 was 
15.1 °C. The relative humidity varied in the early morning hours but still remained 
fairly high until 08:00 after which the relative humidity decreased rapidly to a 
minimum of 76%, which was the minimum for the four-day period. After this 
minimum, the relative humidity increased to reach 90% by 11:00 and remained just 
above 90% for the rest of the day. The wind direction averaged about 210° which is a 
south-south-westerly wind direction. The only significant wind direction change 
occurred between 16:00 and 17:00 when the wind changed from 220° to 170°. The 
wind speed decreased between 00:00 and 03:00 but then began to increase rapidly 
between 03:00 and 06:00 from 4.2 m/s to 9.9 m/s, respectively. The maximum wind 
speed occurred at 08:00 at 10.2 m/s then decreased to 6.6 m/s by 11:00. After this, 
the wind speed increased again with another peak at 13:00. The wind speed then 
had a decreasing trend until about 19:00 after which the speed had a steady trend. 
 
Figure 5.81: Pressure at Port Elizabeth WK for 24-27 July 1983. 
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Figure 5.82: Temperature at Port Elizabeth WK for 24-27 July 1983. 
 
 
Figure 5.83: Relative humidity at Port Elizabeth WK for 24-27 July 1983. 
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Figure 5.84: Wind direction at Port Elizabeth WK for 24-27 July 1983. 
 
Figure 5.85: Wind speed at Port Elizabeth WK for 24-27 July 1983. 
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Figure 5.86: Daily rainfall at Port Elizabeth WK for 24 -27 July 1983. 
 
In Figure 5.86, the rainfall for each day in the four-day period can be seen. The day 
with the highest rainfall occurred on the 24th of July, followed closely by the 25th of 
July. Although the 26th and 27th had substantial rainfall values, there was a large drop 
in the rainfall amount compared with the 24th and 25th of July. What is of interest is 
that all four days received good amounts of rainfall. This flood event didn’t seem to 
occur due to one day receiving most of the rainfall as in some of the other cases. 
The steepest gradient seems to have occurred on the 24th of July between 15:00 and 
21:00 when the rainfall increased from just less than 10 mm to 34 mm. This can be 
confirmed in Figure 5.87 with the highest hourly rainfall intensities occurring just after 
15:00. However, the highest peak in this period occurred between 18:00 and 20:00. 
During this period, the pressure rose slightly as did the temperature but the wind 
direction remained easterly, changing marginally from 90° to 100°. The wind speed 
increased slightly during this period from about 11 m/s to 12 m/s. Although not much 
seems to be revealed during this period, what is significant is that the wind did have 
an easterly (onshore) component as well as having a strong wind speed. The two 
days with the highest rainfall in this period seemed to have near identical pressure 
trends, similar wind direction and wind speeds. The trend in the pressures was one of 
decreasing while the wind direction remained onshore. The wind direction on the 24th 
was predominantly easterly and on the 25th was predominantly south-easterly. The 
0
5
10
15
20
25
30
35
40
45
50
0
8
:0
0
0
9
:0
0
1
0
:0
0
1
1
:0
0
1
2
:0
0
1
3
:0
0
1
4
:0
0
1
5
:0
0
1
6
:0
0
1
7
:0
0
1
8
:0
0
1
9
:0
0
2
0
:0
0
2
1
:0
0
2
2
:0
0
2
3
:0
0
0
0
:0
0
0
1
:0
0
0
2
:0
0
0
3
:0
0
0
4
:0
0
0
5
:0
0
0
6
:0
0
0
7
:0
0
R
ai
n
fa
ll 
in
 m
ill
im
e
tr
e
s 
(m
m
) 
Hours of the Day 
Daily Rainfall at Port Elizabeth WK 
24-Jul-83
25-Jul-83
26-Jul-83
27-Jul-83
114 
 
wind speed also remained fairly strong for both of these days. In comparison, the 
wind direction on the 26th and 27th was more southerly to south-westerly with varying 
wind speed, although with an average less than the previous days. 
 
 
Figure 5.87: Hourly rainfall intensity at Port Elizabeth WK for 24 July 1983. 
 
5.3.7.4 Case Discussion 
The difficulty with this case is the location of the station used, Port Elizabeth WK, 
compared to the flood location near Gamtoos River or Patensie. The Sunday’s River, 
in the Port Elizabeth vicinity, did record floods; however, the event ranked in the top 
five due to the rainfall recorded at Otterford Bos, which is closer to Patensie. This is 
reflected in a great difference between the Port Elizabeth WK rainfall event total of 
147.5 mm to 428 mm at Otterford Bos. However, Port Elizabeth WK was the closest 
station that recorded hourly values of the meteorological parameters. Otterford Bos 
only recorded daily rainfall values at the time. On a synoptic scale, the systems that 
contributed to the heavy rainfall would still be the same between Otterford Bos and 
Port Elizabeth but smaller features such as convective cells and meso-scale 
circulations, which may have added to the high rainfall values at Otterford Bos, would 
be missed. 
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Looking at the synoptic systems, the common features of an upper air low west of the 
flood area existed as well as the high pressure system with an extending ridge along 
the coastline. In this case, the high pressure system was south of the country rather 
than south-west of the country but the general circulation around the high pressure 
system still produced onshore winds into the flood areas. Interestingly, the low 
pressure trough at the surface seemed quite far north when compared to the other 
cases especially on the 24th of July. The COL only moved out off of the coastline on 
the 26th of July.  
The two days with the highest rainfall at Port Elizabeth WK were the 24th and 25th 
July when the wind remained easterly to south-easterly, which was an onshore wind 
and as mentioned above, was a strong wind. When considering that the highest 
rainfall days at Otterford Bos were the 25th and the 26th the southward movement of 
the surface low pressure system from the 24th of July seemed to have a large impact 
on rainfall into the Otterford Bos area. The Otterford Bos area would have been on 
the leading edge of the surface high pressure system as the low pressure trough 
deepened and caused a stronger pressure gradient between the high pressure 
system and the low pressure system. This would have produced a strong onshore 
flow between the two systems into the Otterford Bos area, possibly even a low level 
jet. 
 
5.4. Discussion of Case Study Results 
 
5.4.1. Summary of case study results 
 
Case study 1 took place in East London on 24-28 August 1970. The rainfall data for 
28 August could not be analysed due to much of it having to be interpolated. The 
case had a cut-off low system with a surface ridging high pressure to the south-west. 
A surface trough was also present from the COL and produced onshore south- 
easterly flow and heavy rain on the 25th as the high pressure system ridged in. On 
the 27th the surface low created by the COL then developed and also moved out 
along the coastline north of East London, allowing the high pressure system to push 
in behind the low and resulting in the worst twenty-four-hour rainfall on record for the 
study area. The event rainfall was also the heaviest on record and resulted from four 
days of intensive heavy rain in the area. 
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Case study 2 occurred in Port Elizabeth on 1 September 1968 and was the most 
intense rainfall to occur in a short period. Notably, this case recorded the highest 
twenty-four-hour rainfall in the least amount of time. Synoptically, the interior surface 
low pressure system moved through the area causing the winds to turn south-east. 
The heavy rainfall that occurred resulted in flash floods.  What is of interest is that the 
high pressure system didn’t ridge into the area until the next day. However, a tight 
pressure gradient did occur between the COL moving off of the east coast and the 
high ridging behind it. 
Case study 3 occurred in East London on 15-16 August 2002. This was also a flash 
flood incident that occurred in a short period of time. A surface low pressure system, 
associated with the COL, moved off the Kwa-Zulu Natal coastline on the 16th and 
resulted in the wind turning from south-easterly to south-south-westerly and the 
heaviest rainfall intensity occurred at the peak of the wind speed. The high pressure 
system had already ridged in around 15:00 on the 15th of August but the highest 
rainfall intensities only occurred around 00:00 and 01:00 of 16 August. The wind 
direction also didn’t really change at that time but the wind speed increased. 
Case study 4 occurred in Port Elizabeth from 24-26 March 1981 and was also a COL 
case which had four different periods of heavy rain. Three of them occurred before 
the high pressure system ridged in. The wind direction in these three periods was 
south-easterly. The fourth period, however, occurred at the leading edge of the 
surface high pressure system as the wind changed from a westerly wind to south-
westerly and then a predominant south-easterly wind.  
Case study 5 took place in East London during 5-7 November 2005. The heaviest 
rainfall occurred on the 6th of November with the highest intensity occurring around 
17:00 as the wind changed direction from north-easterly to a south-westerly and then 
to a south-easterly for most of the night. At this time, the high pressure started to 
ridge in behind the surface low pressure system associated with the COL. 
Case study 6 recorded floods in the Gamtoos River near Patensie and Sunday’s 
River near Port Elizabeth. This event occurred in December of 1931 but could not be 
properly analysed due to the lack of synoptic analyses during this time. Since no 
synoptic analysis could be done, only rudimentary conclusions can be made. The 
wind direction on the day of the heaviest rainfall was south-easterly and again points 
to the importance of onshore winds.  But winds alone cannot divulge much 
information about the state of the environment or the processes that resulted in the 
heavy rainfall. 
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Case study 7 produced floods in the Gamtoos River near Patensie, Sunday’s River in 
Port Elizabeth and in East London. The biggest limitation with this event is that the 
event rainfall which allowed this study to be ranked in the top five was recorded at 
Otterford Bos station, while the analysis was conducted using data from Port 
Elizabeth WK station. This was the closest station to Otterford Bos that had hourly 
data in this event, which took place on 24-27 July 1983. The two days with the 
heaviest rainfall were the 24th and 25th when the surface trough was located through 
the central interior of the country. The pressure remained low and decreasing 
through these two days with the high only really ridging into the area on the 27th of 
July. The high rainfall intensities were produced east of the COL before it moved 
through the area in Port Elizabeth on the 24th and 25th. The winds in these high 
rainfall days were easterly to south-easterly. However, on the 25th and 26th when the 
heaviest rainfall occurred at Otterford Bos a steep pressure gradient can be seen in 
this area at the surface levels which may have caused the heavy rainfall. 
5.4.2. Discussion 
 
Each individual case study has been discussed above but this section now hopes to 
highlight the key factors that contributed to these extreme floods. Firstly, the synoptic 
analysis will be reviewed.  Looking at the upper air systems (excluding Case 6 which 
did not have upper air data), all of the cases showed closed lows at the 500hPa level 
and all were cold cored. The location of all these upper air systems were north-west 
or west of the flood areas on the days that had heavy rainfall occurring. Most of the 
case studies started along the west coast of the country with two of the cases (Case 
study 2 and case study 5) having the COL’s move through the Eastern Cape. Three 
of the case studies (Case study 1, 4 and 7) were located over the Northern Cape with 
case study 7 moving from the Northern Cape into the Free State. 
Another factor is the location and depth of the surface low associated with the COL 
system as well as the surface high pressure system. All of the systems that had 
surface analysis available showed a high pressure system lying to the south-west or 
south of the country, extending a high pressure ridge eastwards along the south and 
south-east coast of South Africa. Only one of these systems, in case number 7, 
showed the high pressure system initially south of the country and then moving 
south-east of the country, extending a ridge, westwards along the south coast. All of 
the high pressure systems that occurred were located between 35 - 45°S.  
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Since all the case studies had a COL present the surface analysis showed low 
pressures over the interior of the country. Five of the six case studies showed a 
steep pressure gradient forming along the coastline into the areas that experienced 
heavy rainfall. The only case study that did not show a steep pressure gradient was 
in case study 2 where a surface low pressure system moved through the Port 
Elizabeth area at the time of the highest rainfall rates. The high pressure system to 
the south west of the country didn’t ridge in at the time of the heaviest rainfall and 
thus a weak pressure gradient existed. The case studies in which heavy rainfall 
occurred in the East London area namely; case study 1, 3 and 5 all showed a surface 
low extending off of the Kwa-Zulu Natal coastline at the time of the heaviest rainfall. 
This would produce onshore winds and a tight pressure gradient between the surface 
low and high pressure system, to flow into the East London area. The case studies 
where the floods occurred in the Port Elizabeth area (case study 2 and 4) showed 
that a surface trough extended off of the east coast and  down through Port Elizabeth 
(case study 2) and off of the Wild Coast of the Eastern Cape (case study 4). Case 
study 7 had the surface trough extending through the central interior of the country 
with a tight pressure gradient between the surface trough over the interior and the 
high pressure system south of the country. 
The pressures showed mostly decreasing trends before the high rainfall intensities 
with the pressure rising after the rain began. On a larger scale, synoptically a surface 
trough would cause the pressure to decrease greatly and then increase rapidly as the 
surface trough moved through the area and the high pressure started to push in. The 
cases were therefore checked to see if the highest rainfall intensities occurred when 
slight pressure changes occurred, related to meso-scale circulations, or if the 
pressure showed synoptic (larger) increases and decreases with the heavy rain. At 
the time of the heaviest rainfall in the case studies, only two case studies (case study 
2 and 7) were found to have slight pressure decreases and increases, indicating 
heavy rain occurring before the high pressure system ridged in. Another two cases 
(case study 1 and 5), showed the most intense rainfall occurring on the ridge of the 
high pressure. This leaves two more case studies that had heavy rainfall occurring 
before and after the high ridged in. In case study 3, the heaviest rainfall occurred well 
after the high had started ridging in and not on the leading edge as in the other 
cases. Case study 4 had high rainfall intensity periods occurring before the high 
pushed in as well as at the leading edge of the high ridging in. Although two of the 
case studies (2 and 7) had the highest rainfall intensities occurring before the high 
pressure system pushed in, the high rainfall intensities probably would not have 
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taken place if the high pressure had not been in the position it was either south-west 
or south of the country. So, although the heaviest rain didn’t occur due to a high 
pressure rise, the wind rotating around the high pressure system would have 
produced a certain wind direction to move in the area. 
The relative humidities were very high for all the heavy rainfall periods, which seems 
apparent but what is of interest is that the relative humidity increased for a few hours 
before the onset of the downpours. Five of the cases also showed warm nights 
where the temperature increased in the night, with increasing relative humidities 
before the downpours occurred. This illustrates an environment of warm, moist air in 
circulation before the heavy rain began. One of the cases (case study 5) showed no 
significant temperature changes from the natural diurnal cycle or no peaks occurring 
and coincided with relatively cool days with little difference between the diurnal 
temperature ranges. 
All but one of the case studies (case study 4) showed rainfall occurring on moderate 
or higher wind speeds, in the range greater than 5 m/s. The heaviest rainfall also 
occurred as the wind changed from a lighter speed to stronger speed. However, the 
rainfall did not continue in intensity as the wind speed continued to increase but 
rather occurred on a marked change in wind speed increase. A light wind had little 
effect on rainfall intensity. 
The wind direction showed predominantly south-easterly winds or southerly winds 
taking place with the heaviest rainfall. Two of the cases, namely 4 and 5, showed a 
wind direction change to a south-westerly on the heaviest rain but then turned to be 
predominantly south-easterly. The East London cases also revealed heavy rainfall 
occurring on a south-south-westerly wind.  These winds are all onshore winds for the 
coastal stretch in the study area. However, a south-south-westerly in Port Elizabeth 
will have a slightly cooler source than in East London due to the different latitudes of 
the cities. Two of the three Port Elizabeth cases showed south-easterly winds during 
the heaviest rainfall periods and the third case showed south-easterly winds 
changing to southerly and then to south-south-westerly. Thus, an onshore wind 
seems to be a significant, if not the most important, factor. The temperature and 
relative humidity revealed a warm, moist environment prior to the heavy rain. The 
wind direction was either easterly or south-easterly in the hours prior to the 
commencement of the heavy rain in the case studies. This wind direction as 
mentioned is onshore which would produce high relative humidity as the moist air 
moves from the ocean onto the land.  
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Most of the cases had the heaviest rainfall intensities occurring at a wind direction 
change and a synoptic forcing such as a low pressure system moving through the 
area and the high pressure system ridging in behind it. A low level jet stream may 
occur between these two systems due to an increase in the pressure gradient 
between the systems as mentioned occurred in five of the six cases. This may result 
in a strong inflow of humid air. The upper air low could produce thunderstorms to the 
east of it and with this inflow of moist air feeding into the thunderstorms, high rainfall 
intensities could occur. However, convective development was not analysed in this 
study. What is to be highlighted is a time dependency of thunderstorms being present 
at the same time as the influx of moisture to produce high rainfall intensities. Onshore 
winds alone cannot cause thunderstorms to develop but the combination of the 
presence of thunderstorms from the synoptic systems (COL) meeting the influx of 
moist air at the surface could result in high rainfall intensities. 
COLs occur in the interim seasons of austral autumn and spring. Four out of the 
seven cases occurred either in autumn or spring with one case occurring in summer 
and one case occurring in winter. Case study 6 also occurred in summer but no 
synoptic data was available to identify if a COL was present or not. Therefore, it 
seems that although these flood producing systems are more common in autumn 
and spring, they can occur in any season. 
 
5.5. Conclusion 
 
This chapter showed the results of the rainfall analysis which resulted in seven case studies 
being analysed. Both a synoptic and meteorological parameter analysis of surface 
observations was conducted. From these case studies and subsequent discussions, it is 
concluded that: 1) COLs were present in all the case studies (excluding case study 6), 2) the 
position of the high pressure system should be south-west, south or south-east of the 
country extending a ridge along the south coast of the country; 3) a surface low pressure 
system due to the COL should be over the interior of the country with a trough extending off 
of the coastline east of the city that can expect floods.  
Five of the six case studies that had synoptic charts revealed tight pressure gradients into 
the area where the floods occurred. The surface winds showed winds to be onshore during 
the times of heavy rainfall which for the study area is a south easterly, southerly or south-
south-westerly wind. The surface wind speeds revealed moderate or higher speeds occurred 
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during times of heavy rain as well as a significant change in wind speed contributed to the 
heavy rainfall. Light winds were found to have little effect on rainfall intensities. 
The pressure showed high rainfall intensities both on increasing and decreasing pressure 
trends. A surface temperature and relative humidity analysis showed four of six cases 
(excluding case 6) having warm evenings with increasing relative humidity preceding the 
heavy rainfall onset.  
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Chapter 6  Conclusions and Recommendations 
 
6.1.  Possible Caveats 
 
This study was conducted on the foundation of rainfall data collected from the SAWS. As 
mentioned in chapter 4, there were some problems with the data collected. Some of these 
problems included missing data and the requirement of using data interpolation such as 
those used in case study 1. Although this was the only method available to conduct a 
meteorological analysis in this case, some errors may be present, especially for the 28th of 
August 1970 rainfall data and intensities. In some cases, rainfall data couldn’t be used or 
relied upon due to rainfall accumulating when the rainfall wasn’t recorded daily. As 
mentioned, this usually occurs on privately owned farms or areas where people have 
volunteered to record rainfall readings. This highlights the importance of taking such 
readings on a daily basis.   
Another caveat that needs to be mentioned is that of station location. Hourly data was 
sparsely collected in the more historical cases and therefore, some stations’ data that was 
used doesn’t fully display the characteristics of where the flood event occurred. The most 
common example of this is the distance between Otterford Bos station and Port Elizabeth 
WK station that occurred in cases 6 and 7. This could create a misinterpretation of the data 
and some events may have been missed such as convective development. 
Convective cells in the form of thunderstorms have a very small scale of a few kilometres 
and can therefore be easily missed in using station data from another station rather than the 
station where the floods occurred. Another issue that can be raised is that of using hourly 
data rather than five-minute data, especially in a thunderstorm environment. Thunderstorms 
are usually short lived and affect a smaller region with minor pressure, temperature and wind 
variances occurring. 
A possible bias with the data is that of looking first for areas where floods occurred rather 
than first looking at the rainfall amounts. It is known that floods can be area specific and that 
floods would most commonly occur in populated areas or where land use is such that runoff 
volumes are high. This leans the study towards towns or more populated areas, which were 
affected by the floods or which could have created a higher impact of the flood waters due to 
land use. 
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6.2. Conclusions 
 
The motivation for this study existed in trying to better understand what low-level processes 
and circulations (Molekwa et al., 2014) occur during heavy rainfall events by conducting an 
analysis of surface observational data. The aim of this study was to conduct an analysis of 
surface observational data during extreme flood events between the Gamtoos and Great Kei 
River areas of the Eastern Cape, South Africa. This was done by first identifying the most 
extreme flood events using twenty-four-hour and event rainfall totals.  From this the top five 
twenty-four-hour rainfall events were identified as well as the top five event rainfalls. This 
resulted in seven selected case studies that were analysed. This meets objective one to 
identify the most extreme historical flood events in the study area. Objective two was to 
conduct an analysis of surface observational data during the severe event dates identified. 
This was met by identifying the weather systems that contributed to the extreme floods as 
well as an analysis of trends in each meteorological parameter of pressure, temperature, 
relative humidity, wind direction and wind speed and lastly, rainfall. It was found that cut-off 
lows, with the upper low lying west or north-west of the flood area, resulted in upper air 
instability and together with an interior surface trough and a strong high pressure system, 
lying either south or south-west of the country, the ingredients for high rainfall intensities was 
created. The combination of these three synoptic features is called a “Black South-Easter”. 
Strong high pressure systems, lying south or south-west of the country were present. This is 
in agreement with the synoptic circulations found by many other authors which lead to heavy 
rainfall (Hayward and van den Berg, 1968, 1970; Taljaard, 1985; Tyson and Preston-Whyte, 
2000; Dyson et al., 2002; Molekwa et al., 2014; Engelbrecht et al., 2015).  An aspect found 
in this study is that of the surface trough protruding off of the coastline east of the flood area. 
This surface trough, extending from the interior of the country, causes a wind direction 
change and a warmer, moister air mass to flow onto the study area coastline from the 
Agulhas current. 
Onshore winds circulating around the high pressure system meet with warm air circulating 
around the surface low pressure system and where these winds come together, a low level 
jet stream is thought to form and advect moist air onto the land from the ocean. These moist 
winds can feed into convective development in the area and result in heavy downpours. A 
time dependency of the location of thunderstorms and the timing of the influx of moist air into 
the area are highlighted. It was mentioned that in most of the cases the surface low, moving 
through the coastal area on the leading edge of the high pressure system, caused the influx 
of onshore winds. A tight pressure gradient between these two pressure systems could 
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result in a low level jet (Singleton and Reason,2007a) as is highlighted in five of the case 
studies. 
What has also been considered is that onshore winds depend on the shape of the coastline. 
In this study, the shape of the South African coastline between Gamtoos River and Great Kei 
River Mouth allows for winds of a southerly component to be onshore. A wind with an 
easterly wind component was also found to be onshore but excluded a north-easterly wind. It 
was acknowledged in chapter 2 that topography results in higher rainfall amounts when the 
winds are onshore, thus, the local topography of the coastal mountains and ridges do play a 
role in the high rainfall intensities. The presence of the warm Agulhas current running along 
this stretch of coastline may also influence the type of air mass that gets advected into the 
area on an onshore wind. The highest rainfall intensities occurred on a south-easterly or 
southerly wind with moderate to strong wind speeds associated with a synoptic forcing such 
as a low pressure system moving through the area. It was mentioned that a strong onshore 
wind alone is unlikely to produce heavy rainfall but when the right weather systems are in 
place, heavy rainfall can occur. 
The highest rainfall intensities occurred on both a pressure rise in some cases and a 
pressure decrease in other cases. While a large pressure increase caused by a ridging high 
pressure system did produce high rainfall intensities, there were also cases where the 
pressure had a decreasing trend with only slight pressure rises and still showed high rainfall 
intensities. Relative humidity was as to be expected, high in heavy rainfall events but the 
relative humidity tended to increase just before the onset of the heavy downpours. Warm 
nights, where the temperature increased at night, tended to precede heavy rainfall. 
The latitude of the study area is what determines the presence of the synoptic systems 
required for the flood events to occur and the presence of the coastline with its topography 
and the shape of the coastline, determine the direction of the onshore winds and the 
important element they contribute to the intensity of the rainfall and therefore, the flood 
events. 
This study has thus highlighted the study area as an area prone to flood events. The hazard 
of floods is a natural occurrence and cannot be changed; however, by knowing which 
weather systems interact to produce these floods, one can anticipate future disaster risks 
through improved weather forecasts and can, therefore, reduce vulnerability and exposure 
through early warning systems. One can also improve resilience by educating the public on 
this hazard.  
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6.3. Recommendations 
 
Considering the caveats above and the conclusions made, some recommendations will be 
suggested. 
As mentioned above, rainfall readings taking place daily will remove errors and data that 
can’t be used in the SAWS database. Perhaps, educating the volunteers who take the 
rainfall data on the importance of taking daily readings could help. 
When events occurred near to the hourly rainfall stations, perhaps five-minute data could be 
looked at if available. As technology has improved, more recent case study dates such as 
cases number 3 and 5 could be reanalysed, looking specifically at the five-minute data and 
the movement of convective cells through the area. 
Local area studies could be conducted that concentrate on specific characteristics found in 
each local area or city such as Port Elizabeth or East London. This could incorporate the 
flood producing weather systems for the city, the local effects such as sea breezes, LLJ’s or 
topographical influences. Which wind directions are onshore or offshore could also be of 
great importance. This could result in a city specific meteorological profile as it were. 
An element that has not been researched in this study is that of sea surface temperature 
(SST) and the heat availability that is offered during onshore wind events. The warm 
Agulhas current has been seen to influence the rainfall intensities at East London during the 
2002 event in case study 3 (Singleton and Reason, 2006). SST’s can influence the source of 
moisture and temperature that affect coastal areas. SST data was less available during the 
historical dates but can be considered as a meteorological parameter in future studies. 
Also concerning the ocean dynamics, spring tides can influence the flood runoff into the 
ocean and create a lag in flood waters dispersing. This was thought to have influenced the 
1968 floods in Port Elizabeth in case study 2. Spring tide influences on Black South-Easterly 
events could be further researched.  
Finally, it was mentioned that this study was meteorologically based and that floods can be a 
hazard that influences risk. In this study, it was considered to add an element of risk by 
incorporating flood fatality maps, which would essentially be mapping the fatalities that 
occurred due to the floods. This could encourage comparisons between fatalities to land-
use, proximity to the heaviest rainfall and potential land-use change over the years which 
could influence risk in future flood events. This path was not taken as it was felt that it would 
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change the focus of the study from a meteorological one to that of risk and hydrological 
factors. Flood fatality maps from past extreme flood events could aid in the development of 
risk assessments or risk profiles for certain areas to aid disaster management. 
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